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INTRODUCTION. 

Altliougli  tlie  chief  interest  in  the  investigation  of  malaria  centres 
at  present  in  the  study  of  experimental  inoculations,  of  the  natural 
mode  of  infection,  and  of  the  extracorporeal  forms  of  the  parasite, 
much  yet  remains  to  be  learned  about  the  morphology  of  the  organism 
in  its  several  varieties.  The  minute  study  of  the  morphology  of  the 
parasite  has  furnished  far  more  cogent  evidence  of  the  existence  of 
several  species  of  the  plasmodium  of  human  malarial  fever  than  has 
that  of  the  clinical  manifestations  of  the  disease.  Yet  even  the  tanta¬ 
mount  question  of  the  unity  or  plurality  of  species  is  still  far  from 
satisfactory  solution.  Moreover,  many  details  in  the  biology  of  the 
plasmodium  of  malaria,  including  the  development  of  the  crescentic 
bodies,  -whose  significance  has  been  partly  determined,  still  remain 
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obscure  and  require  further  observations  on  the  occurrence  and  be- 
liaA’ior  of  the  parasite  in  the  blood. 

Mv  observations  on  a  considerable  number  of  cases  of  Cuban 
malarial  fever,  seen  at  Montauk  during  the  summer  of  1898,  although 
pursued  primarily  for  the  purpose  of  immediate  diagnosis,  bear  on 
the  topics  mentioned.  The  conclusions  reached  at  that  time  and  more 
especially  the  deductions  drawn  from  a  more  leisurely  review  of  the 
material  then  obtained  it  is  proposed  to  consider  in  the  present  article. 

I.  TECHNICS. 

Experience  with  the  technics  of  blood  examinations  in  malaria  has 
led  me  to  restrict  the  use  of  fresh  blood  to  the  study  of  various  vital 
phenomena  in  the  parasite,  such  as  amoeboid  movement,  vibratory  motion 
of  pigment,  and  exflagellation.  When  parasites  are  scanty  their  dis¬ 
covery  is  so  much  more  certain  and  rapid  in  stained  dry  specimens  that 
a  negative  result  with  fresh  blood  invariably  requires  verification  by 
search  through  a  dry  specimen,  stained  preferably  by  Nocht’s  method, 
lloreover,  exclusive  reliance  upon  fresh  blood  not  only  leads  constantly 
to  errors  in  diagnosis  by  beginners,  but  also  has  been  the  cause  of  many 
erroneous  conceptions  held  in  the  past  by  experts. 

The  study  of  flagellate  bodies  may  be  conducted  in  fresh  specimens 
prepared  in  the  ordinary  Avay,  but  placed  by  preference  on  a  warm  stage. 
The  addition  of  a  little  water  may  facilitate  the  escape  of  the  parasite 
from  the  cell  and  the  formation  of  flagella.  The  successful  action  of 
water  has  been  obtained  by  several  expedients.  Marshall  added  about 
an  equal  quantity  of  water  to  a  small  drop  of  blood  containing  many 
crescents  and  saw  the  almost  immediate  change  of  crescents  to  spheroidal 
bodies,  followed  by  flagellation.  Manson  ‘  recommends  that  the  blood 
under  the  cover-glass  be  kept  moist  by  exposure  to  steam  exhaled  from  a 
hot,  moist  sponge.  After  a  few  minutes  the  cover  may  be  carefully 
removed,  the  specimen  dried,  and  the  flagellate  body  stained. 

Bignami  studied  in  detail  the  flagellate  bodies  in  specimens  rather 
thickly  spread,  and  prevented  from  drying  in  a  warm  moist  chamber, 
while  exflagellation  occurred,  with  subsequent  drying  and  staining.  I 
find  that  a  moist  chamber  may  be  conveniently  secured  in  a  Petri  dish 
with  tightly  fitting  vaselined  cover.  Wet  blotting  paper  placed  in  the 
dish  furnishes  the  necessary  moisture.  Specimens  spread  on  slides  or 
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covers  may  be  kept  moist  for  10  to  20  minutes  in  such  dishes,  and  flag¬ 
ellation  proceeds  Avith  moderate  rapidity. 

Staining  Methods. 

1.  Eosin  and  Methylene  Blue. — For  all  ordinary  purposes  staining  by 
eosin  and  methylene  blue  may  he  generally  recommended,  and  was 
largely  employed  in  the  present  eases.  The  solutions  required  are: 
(a)  a  saturated  alcoholic  solution  of  alcoholic  eosin  diluted  Avith  an  equal 
quantity  of  95  per  cent  alcohol,  and  (h)  a  saturated  Avatery  solution  of 
Ehrlich'S  rectified  methylene  blue  at  least  one  Aveek  old. 

A  light  staining  by  eosin,  such  as  is  given  by  the  diluted  solution  of 
eosin,  is  essential  for  the  clear  demonstration  of  the  parasite  by  methyl¬ 
ene  blue,  and  in  specimens  containing  only  the  small  signet-ring  forms, 
heavy  staining  by  eosin  may  almost  entirely  prevent  the  subsequent 
action  of  methylene  blue,  and  these  minute  parasites  may  thus  he  over¬ 
looked. 

2.  Methylene  blue  fails  to  stain  the  young  ring  forms,  especially  those 
of  the  tertian  type,  as  clearly  as  is  desirable,  and  more  poAverful  basic 
staining  fluids  may  Avell  be  employed  for  this  purpose.  Xocht’s  method 
may  be  recommended  over  any  other,  as  it  facilitates  the  identification  of 
the  small  ring  by  means  of  a  large  densely  stained  nucleus,  but  AAdren  this 
method  cannot  be  employed,  one  may  resort  to  the  method  modified  by 
Futcher  and  Lazear  from  the  suggestions  of  Benario  and  Marchoux,  as 
folloAvs:  Fix  the  specimens  five  minutes  in  95  per  cent  alcohol,  100  cc., 
to  Avhich  has  been  added  1  cc.  of  formalin.  Stain  one  to  three  minutes 
in  the  folloAving  mixture:  sat.  ale.  sol.  thionin,  20  cc.,  20  per  cent  car¬ 
bolic  acid,  100  cc.  The  fixing  solution  must  be  used  fresh,  and  the  stain¬ 
ing  fluid  must  be  at  least  one  Aveek  old.  The  rings  are  then  densely 
stained  and  the  specimens  do  not  fade. 

3.  The  sharpest  demonstration  of  minute  ring-shaped  parasites  Avas 
obtained  in  tbe  present  cases  by  staining  one  hour  in  diluted  Gage’s 
haunatoxylin,  before  treatment  by  eosin  and  methylene  blue.  Ilaema- 
toxylin  stains  the  nucleus  of  the  ring  and  makes  the  body  of  the  para¬ 
site  blacker  after  methylene  blue.  Such  specimens  are  specially  suit¬ 
able  for  photography. 

4.  The  Xocht-Romanoirshy  Method. — Tn  1890  EomanoAvsky  published 
a  method  of  staining  the  malarial  parasite,  Avhich  apparently  demon¬ 
strated  certain  nuclear  structures  very  inqierfectly  shoAvn  by  other 
methods.  The  original  description  of  this  method  directed  that  the 
specimens,  fixed  in  equal  ])arts  of  alcohol  and  ether,  or  by  heat  at 
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110°  C.,  be  placed  for  two  to  three  hours  in  a  fresh  mixture  made  hy 
adding  concentrated  (1  per  cent)  solution  of  methylene  blue,  1  part,  to 
1  per  cent  Avatery  solution  of  aqueous  eosin,  2  parts.  The  red  cor¬ 
puscles  were  stained  light  pink,  and  the  body  of  the  parasite  blue,  while 
the  chromatin  particles  of  the  nucleus  appeared  deep  red. 

The  sketches  accompanying  EomanoAvsky’s  article  were  absolutely 
convincing  that  the  new  method  Avas  a  most  valuable  addition  to  exist¬ 
ing  technical  procedures,  but  it  Avas  soon  found  that  the  results  obtain¬ 
able  from  this  method  Avere  extremely  uncertain.  We  noAV  knoAV  that 
only  those  Avho  happened  to  secure  particular  specimens  of  methylene 
blue  obtained  successful  results  Avith  RomanoAvsky’s  stain,  and  that  the 
later  highly  purified  products  of  the  anilin-dye  factories  seldom  con¬ 
tained  the  effective  agent  Avhich  united  Avith  the  chromatin  granules. 
EomanoAA’sky  believed  that  by  the  mixture  of  methylene  blue  and  eosin 
a  third  compound  Avas  formed  Avhich  stained  the  chromatin.  Attention 
Avas  not  fully  draAvn  to  this  probable  explanation  of  the  difficulty  until 
Ziemann  published  the  results  of  his  experience  Avith  various  specimens 
of  methylene  blue.  After  numerous  attempts  to  stain  by  lloman- 
OAVsky’s  method,  folloAving  the  exact  directions,  he  sums  up  his  results 
in  the  feAv  Avords:  “glilckte  kein  Priiparat.”  After  a  long  series  of 
experiments  he  found  that  a  successful  result  depended  upon  the  variety 
of  methylene  blue,  the  age  of  the  solution,  the  quantity  of  cosin  used, 
and  the  length  of  exposure,  lie  secured  most  uniform  results  from  the 
use  of  1  per  cent  aqueous  solution  of  methylene  blue  (med.  puriss., 
Ilbchst)  or  Koch’s  methylene  blue  (Griibler),  or  Ehrlich’s  rectified 
methylene  blue  (Griibler).  lie  found  no  difference  in  the  effects  of  A'ari- 
ous  specimens  of  eosin,  but  used  principally  a  1  per  cent  aqueous  solu¬ 
tion  of  Avatcry  eosin  (Ilbcbst).  The  proportions  of  these  solutions 
required  varied  from  1  to  7  ])arts  of  cosin  added  to  f  part  of  methylene 
blue,  and  the  time  of  staining  from  15  to  40  minutes.  The  proportions 
of  the  dyes  and  the  time  of  staining  had  to  be  determined  for  each 
specimen  of  dye.  The  older  the  solution  of  methylene  blue,  the  less 
eosin  Avas  required  in  tlie  mi.xture. 

Gautier,  Avho  Avas  very  successful  Avitli  llomanoAvsky’s  metliod,  had  the 
best  results  by  using  specimens  of  methylene  blue  marked  C  and  BGX, 
and  of  eosin  marked  A,  of  Ibe  Baden  vVnilin  factory.  lie  found  consid¬ 
erable  difference  in  tlie  results  obtained  Avitli  different  specimens  of  eosin. 
i^^any  other  observers  had  a  variable  experience  Avith  the  method,  but 
it  Avas  generally  agreed  that  a  successful  result  Avas  very  uncertain  and 
depended  on  factors  little  understood.  I  had  fcAv  successful  results  in 
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following  Eoinanowsky’s  method  and  just  as  many  failures  with  Zie- 
mann’s  procedures. 

One  turns  with  relief,  therefore,  to  find  that  a  modification  recently 
suggested  by  hTocht  furnishes  a  method  which  is  invariably  successful, 
without  much  dependence  on  the  quality  of  dyes  used,  or  the  length  of 
staining.  Nocht’s  modification  consists  in  the  addition  of  a  few'  drops 
of  neutralized  Unna’s  polychrome  methylene  blue  (Griihler)  to  the  1  per 
cent  solution  of  ordinary  methylene  blue.  The  usual  specimen  of  poly¬ 
chrome  methylene  blue  is  distinctly  alkaline  and  to  he  rendered  effectual 
for  the  present  purpose  Nocht  found  that  it  required  neutralization, 
preferably  by  acetic  acid.  This  may  be  done  by  adding  drop  by  drop  of 
dilute  2  to  3  per  cent  acetic  acid  till  the  commercial  fluid  polychrome 
blue  no  longer  turns  red  litmus-paper  blue  above  the  zone  coming  into 
immediate  contact  with  the  dye.  I  have  never  failed  to  secure  a  good 
result  by  the  following  procedure; 

(1)  To  1  oz.  of  polychrome  methylene  blue  (Griibler)  add  5  drops 
of  3  per  cent  solution  of  acetic  acid  (U.  S.  P.,  33  per  cent). 

(2)  Make  a  satiirated  (1  per  cent)  watery  solution  of  methylene  blue, 
preferably  Ehrlich's  rect.  (Griibler),  or  Koch’s,  dissolving  the  dye  by 
gentle  heat.  This  solution  improves  wdth  age,  and  should  be  at  least 
one  week  old. 

(3)  Make  a  1  per  cent  solution  in  water  of  Griibler’s  aqueous  eosin. 

The  mixture  is  prepared  as  follows: 

To  10  cc.  of  water  add  4  drops  of  the  eosin  solution,  6  drops  of  neu¬ 
tralized  polychrome  blue,  and  2  drops  of  1  per  cent  methylene  blue, 
mixing  w'cll.  The  specimens,  fixed  in  alcohol  or  by  heat,  are  immersed 
for  two  hours,  specimen  side  down,  and  will  not  overstain  in  24  hours. 
The  density  of  the  blue  stain  may  be  varied  to  suit  individual  preferences. 
The  above  proportions  need  not  be  rigidly  follow'ed,  but  the  polychrome 
solution  should  be  accurately  neutralized. 

Xocht  later  reports  that  the  twm  solutions  of  methylene  blue  may  be 
replaced  by  a  1  per  cent  solution  of  Ehrlich’s  rect.  methylene  blue,  alka- 
linized  by  a  few'  drops  of  4  per  cent  of  sodium  hydrate,  and  left  a  few 
days  in  a  thermostat  at  50°  C.  This  is  the  ordinary  laboratory  method 
of  improvising  polychrome  methylene  blue.  With  this  preparation  the 
procedure  is  as  follows:  To  2  cc.  of  water  add  2  to  3  drops  of  1  per  cent 
watery  eosin,  and  drop  by  droj)  of  the  alkalinized  methylene  blue  till 
the  original  rod  color  of  the  eosin  has  almost  disappeared.  In  this  fluid 
specimens  stain  in  5  to  10  minutes.  I  have  had  little  success  with  this 
method. 

The  rationale  of  the  Xocht-HomanoAvsky  method  is  not  yet  fully  un- 
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derstood,  but  it  appears  most  probable  that  a  staining  agent  which 
unites  selectively  with  chromatin  exists  ready-formed  in  polychrome 
methylene  blue,  and  may  be  developed  in  specimens  of  methylene  blue  in 
various  ways,  among  which  is  slow  digestion  with  an  alkali  and  heat. 
Noeht  refers  to  this  agent  as  “  red  from  methylene  blue.”  It  is  not  the 
commercial  methylene  red,  but  may  be  extracted  from  polychrome 
methylene  blue,  etc.,  by  chloroform  (Xocht),  and  it  is  a  reasonable 
expectation  that  it  can  be  put  on  the  market  in  pure  form. 

Nocht’s  method  furnishes  so  much  information  regarding  the  minute 
structure  of  the  parasite  and  renders  the  identification  of  the  parasite 
so  complete  and  positive  that  it  must  be  recommended  above  all  others. 
^Moreover,  it  has  a  large  field  of  apjilieation  in  the  study  of  nuclear 
structures  in  various  other  microorganisms. 

Goldhorn  (X.  Y.  Path.  Soe.,  Feb.  13,  1001)  has  recently  succeeded 
in  digesting  polychrome  methylene  blue  with  lithium  carbonate,  neu¬ 
tralizing  with  acetic  acid,  so  as  to  develop  in  it  a  large  proportion  of 
the  red-staining  principle.  Ills  method  is  as  follows:  Fix  the  prepa¬ 
ration,  which  must  be  fresh,  by  immersion  in  pure  metbyl  alcohol  for  15 
seconds.  Wash  in  Avater  and  stain  7  to  30  seconds  in  0.1  per  cent 
aqueous  solution  of  eosin.  Wash  and  stain  in  digested  polychrome 
blue  30  to  60  seconds. 

Besides  rapidly  staining  the  chromatin  of  the  parasite,  Goldhorn's 
fluid  demonstrates  most  exquisitely  the  early  appearance  of  extreme 
granular  degeneration  of  the  infected  red  cell,  in  Avhich  respect  it  is  a 
distinct  improvement  over  any  stain  yet  devised.  The  fluid  can  be 
obtained  from  various  dealers  in  Xew  York  City. 

II.  GENEKAI.  VIORUIIOLOGV  OF  TAUASITES. 

The  Tertian  Parasite. 

The  youngest  form  of  the  tertian  parasite  seen  in  the  red  cell  is 
identical  in  appearance  with  the  spore  of  the  parent  rosette.  It  is  a 
compact  spheroidal,  or  slightly  oval,  or  irregular  body,  about  2/f.  in 
diameter.  It  shows  an  outer  rim  of  basiphilic  protoplasm  enclosing 
a  single  large  nuclear  body,  which  is  achromatic  to  methylene  blue  but 
stains  readilA'  in  liaematoxylin  or  by  Xocht’s  method,  and  Avliich  is 
usually  enclosed  or  accomi)anicd  by  a  ch-ar  achromatic  spot,  termed 
by  (Jautier  ‘‘the  milky  zone”  (Plate  XXIX,  Fig.  1).  In  the  fresh 
condition  these  bodies  are  noticeably  refractive,  e.specially  the  nucleus. 
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cliange  tlieir  position  but  rarely  tlieir  shape,  and  arc  never  pigmented. 
Erom  the  earliest  period  of  infection  the  red  corpuscle  is  often  swollen, 
and  exhibits  advanced  granular  degeneration. 

Within  a  few  hours  after  the  chill  the  parasite  is  usually  found  to 
have  assumed  a  somewhat  characteristic  ring  shape,  which  it  com¬ 
monly  maintains  in  some  definite  form  up  to  the  presegmenting  stage 
(Plate  XXIX,  Eigs.  2-11).  These  ring-shaped  bodies  measiire  from 
3  to  4/^  in  diameter,  and  the  regular  ring  form  is  retained,  without 
marked  increase  in  bulk  at  any  point,  for  6  to  8  hours.  Sometimes 
the  ring  is  elongated,  one  arm  reaching  across  the  cell,  while  a  thin 
bow  persists.  Occasionally  the  ring  appears  to  unfold,  and  the  para¬ 
site  stretches  clear  across  the  swollen  cell,  with  the  nucleus  at  one  end. 
Tlie  tertian  ring  is  rarely  as  geometrical  or  delicate  as  is  the  sestivo- 
antumnal  signet  ring.  The  development  of  pigment  Avas  inconstant 
in  the  present  cases,  some  large  ring's  failing  to  show  pigment,  but 
usually  one  or  more  fine  grains  were  fo  be  seen  in  the  medium-sized 
and  smaller  forms.  The  ring  always  encloses  a  considerable  mass  of 
hffiinoglobin.  The  nuclear  body  of  the  tertian  ring  is  its  most  char¬ 
acteristic  feature,  appearing  as  a  rather  large,  achromatic,  highly 
refractive  body,  after  methylene  blue,  but  staining  intensely  with 
lijematoxylin  and  by  Xocht’s  method. 

Significance  of  the  Ring  Focni. — In  regard  to  the  formation  and 
significance  of  the  ring  opinions  are  at  variance.  Most  of  the  Italian 
writers  hold  that  the  ring  form  is  not  really  a  ring,  it  being  bridged 
across  by  a  transjiarent  and  vesicular  nucleus.  There  are  many  con¬ 
siderations  favoring  this  view,  especially  the  usual  appearance  of  the 
parasite  in  the  fresh  condition,  and  the  fact  that  the  chromatin 
usually  lies  Avithin  the  ring,  eventually  filling  it.  On  the  other  hand, 
^fannaberg  and  Ziemann  claim  that  this  body  is  a  true  ring,  formed 
by  the  thinning  of  the  central  portion  of  the  body,  and  state  that 
they  luiA'e  seen  the  ring  develop  in  this  manner  in  fresh  blood.  From 
the  examination  of  the  rings  themselves  I  have  been  unable  to  con¬ 
vince  myself  as  to  Avhich  vioAV  is  correct,  but  there  are  some  early 
forms  of  the  j)arasite  Avhich  strongly  indicate  that  the  ring  does  not 
represent  a  A'osicular  nucleus.  lu  one  such  form  the  ring  is  unfolded 


436 


2Ialarial  Parasitology 


and  the  nucleus  lies  naked  in  the  liseinoglobiu.  Elongated  fonns  of 
the  young  parasite  are  often  seen  in  whieli  tlie  ring  is  absent  and  tlie 
unclear  body  lies  bare  at  one  end.  These  forms  vividly  recall  the 
ai^pearance  of  Amceha  coli,  in  which  the  nucleus  remains  at  the  hinder 
end  diiring  active  movements  of  progression.  Enrther,  it  is  difficult 
to  associate  the  relatively  huge  size  of  the  ring  with  any  nuclear 
structure,  as  this  would  require  the  young  malarial  parasite  to  have 
a  nucleus  which  is  larger  than  that  of  the  adult  Amaha  coli.  Again, 
secondary  rings  sometimes  form  from  the  union  of  pseudopodia,  and 
these  are  identical  in  appearance  with  the  primary  ring  but  lack  the 
chromatin  granules  (Plate  XXIX,  Eigs.  0  and  8). 

In  specimens  stained  by  Xocht’s  method  the  chromatin  is  usually 
found  within  the  ring,  sometimes  lying  in  an  isolated  position  in  the 
centre,  but  very  often  the  chromatin  is  found  outside  of  the  ring, 
connected  by  a  very  fine  thread  of  protoplasm.  If  the  ring  represents 
a  vesicular  nucleus,  we  have  here  the  anomaly  of  a  complete  separa¬ 
tion  of  chromatin  from  the  vesicidar  portion  of  the  nucleus,  which  is 
opposed  to  some  rigid  histological  principles.  Even  more  frequently 
the  chromatin  is  fomid  to  be  enclosed  by  bluish  staining  protoplasm 
which  shuts  it  off  entirely  from  the  ring  (Plate  XXIX,  Eigs.  7  and  8). 

Eroni  various  biological  studios  it  appears  that  the  nuclei  of  the 
protozoa  are  usually  widely  different  from  those  of  the  metazoa;  that 
many  protozoa  do  not  have  a  vesicular  nucleus,  with  ceil  membrane, 
linin,  nucleolus,  etc.,  but  possess  the  so-called  “  distributed  nucleus  ” 
composed  of  a  number  of  graindes  lying  free  in  the  body  of  the  para¬ 
site.  Tlie  study  of  the  malarial  parasite  by  Xocht’s  method  indicates 
that  the  nucleus  of  this  protozoon  is  of  the  distrihuted  type,  which  does 
not  exhibit  a  vesicular  structure  nor  possess  a  nuclear  membrane.^ 
On  these  grounds  I  am  inclined  to  agree  with  ]\[annaberg  and  others 
wdio  hold  that  the  form  in  question  is  a  true  ring — a  form  usually, 
but  not  necessai'ily,  assumed  by  the  parasite — and  does  not  represent 
a  vesicular  nucleus. 

Comparison  of  the  Tertian  and  JPstivo-aut umnal  Rings. — Erom 
the  study  of  the  ring-shaped  tertian  parasite  and  the  aestivo-autumnal 

2  See  Calkius  on  “Protozoan  Nuclei”  in  Annals  N.  Y.  Acad.  Sciences,  18!)S,  xi, 
Part  iii. 
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signet-ring  forms,  in  typical  cases  of  these  infections,  it  appears  to  me 
tliat  these  parasites,  with  very  rare  exceptions,  can  be  fnlly  distin¬ 
guished  from  each  other,  even  in  this  early  stage,  by  the  following 
peculiarities: 

(1)  The  nuclear  body  and  chromatin  mass  of  the  young  tertian 
parasite  is  achromatic  to  methylene  blue,  which  densely  stains  the 
nucleus  of  the  lestivo-autumnal  organism.  I  have  been  unable  to 
rind  in  the  literature  any  specific  reference  to  this  peculiarity  as  a 
diagnostic  point,  bnt  it  may  be  readily  verified  by  comparing  specimens 
of  the  two  parasites  stained  by  methylene  blue  and  by  Xocht’s 
metliod.  The  dense  staining  of  a  nuclear  body  in  the  young  restivo- 
autumnal  parasite  has  often  been  noted,  and  in  1894  Okintsehitz  men¬ 
tioned  the  fact  that  the  nucleus  of  the  young  tertian  parasite  fails  to 
stain  by  methylene  blue. 

(2)  The  tertian  ring  is  usually  coarse  and  irregular,  but  the  lestivo- 
autumnal  ring  is  geometrically  circular,  more  delicate,  with  an  ex¬ 
tremely  fine  bow,  and  usually  Avith  a  typical  signet-like  swelling. 

(3)  One  or  two  grains  of  pigment  are  almost  invariably  found  in 
the  early  tertian  ring,  but  are,  Avith  nearly  equal  constancA",  absent 
fl'om  the  aestivo-autumnal  signet-ring. 

(4)  Tfy  specimens  confirm  the  statement  of  Gautier  that  the  tertian 
ring  is  usually  pigmented  before  the  chromatin  becomes  subdivided, 
AAdiile  the  chromatin  of  the  mstivo-autAimnal  ring  is  alAA'ays  subdivided 
before  the  appearance  of  pigment.  In  some  cases,  hoAvever,  the 
chromatin  of  the  tertian  ring  dh’ides  before  the  appearance  of  pig¬ 
ment. 

(5)  The  infected  cell  is  usually  SAVollen  fi’om  the  moment  of  infec¬ 
tion  by  the  tertian  spore,  and  commonly  shrunken  Avhen  harboring 
the  a'stivo-antumnal  ring. 

All  of  these  characters  are  usually  apparent  in  ordinaiw  specimens, 
.  but  naturally  are  most  distinct  in  flatly  spread  and  rapidly  dried  cor- 
piiscles.  I  have  encountered  no  exception  to  these  rules  in  cases  of 
infection  by  the  tertian  parasite  in  Xcav  York,  and  cases  of  mstivo- 
autumnal  infection  from  Cuba.  In  many  of  the  irregular  relapses 
in  cases  shoAving  tertian  organisms  encountered  among  A'olnnteer 
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soldiers  during  the  winter  of  1898-99,  single  ring-shaped  parasites 
not  admitting  of  positive  identification  have  frequently  been  seen. 
The  significance  of  this  observation  will  be  considered  later  (see 
section  on  Plurality  of  Species  of  Malarial  Parasites,  p.  490). 

After  a  period  of  6  or  8  hours  the  tertian  ring  is  usually  found  to 
have  developed  an  outgrowth  which  is  actively  amoeboid  in  the  fresh 
condition  and  appears  in  stained  specimens  as  a  tongue-like  protrusion 
or  turban-shaped  mass  attached  to  one  segment  of  the  ring  (Plate 
XXIX,  Figs.  4  and  5).  The  nuclear  body  meanwhile  increases 
slightly  in  size,  projecting  into  the  ring,  and  the  chromatin  divides 
into  several  large  granules. 

At  this  period  occurs  the  greatest  amoeboid  activity  of  the  parasite, 
and  in  some  severe  tertian  infections  the  parasite  may  be  found  fixed 
in  the  height  of  its  excursions,  when  it  presents  in  stained  specimens 
the  peculiar  appearance  depicted  in  Plate  XXIX,  Figs.  9  and  10. 
Here  the  ring  is  unfolded  and  the  body  of  the  parasite  is  strung  out 
into  a  number  of  slender  threads  with  nodal  thickenings.  At  times 
the  number  and  delicacy  of  the  threads  greatly  exceed  those  seen  in 
the  sketch,  and  in  some  red  cells  tlie  ])arasite  may  be  found  distrib¬ 
uted  in  a  series  of  fine  granules  between  which  the  connecting  threads 
are  with  difficulty  distinguished.  These  latter  are  probably  to  be 
classed  Avith  “  quinine  forms.” 

A  close  inspection  of  corpuscles  harboring  such  parasites  often 
discloses  the  presence  in  one  corpuscle  of  two  distinct  nuclear  bodies, 
indicating  the  co-existence  of  two  parasites.  Frequently  in  one  cor¬ 
puscle  are  found  twin  parasites,  entirely  separate  one  from  the  other, 
each  of  which  shows  a.  tendency  to  develop  the  long  threads  (Plate 
XXIX,  Fig.  9).  AVhen,  however,  the  threads  are  numerous  and 
very  thin  it  is  usually  impossible  to  find  any  break  in  their  continuity, 
Avhilc  in  many  instances  the  two  parasites  are  distinctly  united.  The 
significance  of  these  two  forms  Avill  bo  considered  later  (p.  475  et  seq.). 

During  the  second  quarter  of  the  cycle  the  body  and  the  nucleus  of 
the  parasite  develop  rapidly  in  size,  amoeboid  motion  and  amoeboid 
figures  gradually  diminish,  and  piganent  is  abundantly  deposited  in  the 
form  of  fine  dark  bi'own  or  yellowish  grains  showing  in  the  fresh 
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state  active  vibratory  motion.  The  infected  red  cell  continues  to 
increase  slightly  in  size,  its  haemoglobin  is  progressively  diminished, 
and  granular  degeneration  is  extreme.  Depending  iTpon  the  char¬ 
acter  of  amadjoid  activity  the  variety  of  figures  seen  during  this 
period  is  very  great.  Eventually,  toward  the  end  of  24  hours  or 
possibly  somewhat  later,  the  parasite  occiipies  three-quarters  of  the 
swollen  cell,  in  the  form  of  a  spheroidal  or  elliptical,  homogeneous 
body,  the  outer  portion  of  which  contains  most  of  the  pigment  and  is 
rather  more  deeply  stainable  than  the  zone  immediately  surrounding 
the  nucleus  (Plate  XXIX,  Figs.  12  and  13).  The  nucleus  gradually 
increases  in  size,  growing  into  the  ring.  It  no  longer  has  the  ap¬ 
pearance  of  a  small  highly  refractive  achromatic  spot  (after  methylene 
blue),  but  takes  a  light  bluish  tinge  with  1  per  cent  methylene  blue, 
and  stains  less  deeply  than  before  with  hsematoxylin.  At  the  end  of 
this  period  the  nucleus  completely  fills  the  ring,  stains  rather  dis¬ 
tinctly  with  methylene  blue  and  sometimes  exhibits  a  delicate  bluish 
netAVork. 

By  Xocht’s  method  the  changes  in  the  nucleus  are  found  to  consist 
in  the  gradual  subdivision  of  the  chromatin  granules,  which  finally 
become  rather  numerous,  of  minute  size,  and  more  difficidt  to  stain. 
Usually  these  chromatin  granules  lie  on  the  inner  circumference  of 
the  boAV  of  the  ring,  projecting  within  the  ring,  and  partly  surrounded 
by  a  milky  ”  unstained  zone.  This  milky  zone  is  often  absent  in 
young  parasites  in  cells  thinly  spread  and  rapidly  dried,  but  iu  older 
parasites  it  is  always  present. 

Various  other  positions  may  be  assumed  by  the  chromatin  mass,  as 
folloAvs:  a  subdivision  of  the  gianules  into  two  distinct  groups,  sepa¬ 
rated  by  a  strand  of  bluish  stained  protoplasm;  an  eccentric  position 
entirely  apart  from  the  ring;  a  position  midway  between  two  rings 
formed  in  the  same  parasite;  a  position  in  the  centre  of  the  ring 
entirely  apart  from  any  bluish  protoplasm;  a  circular  ari’angement 
about  the  periphery  of  the  ring.  Sometimes  the  smaller  gramdes  are 
grouped  about  a  central  larger  granule,  as  has  been  noted  in  other 
protozoa  Avhose  nuclei  are  of  the  ‘‘intermediate  type”  {Microglena, 
Euglena). 
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The  third  quarter  of  the  cycle  is  occuj)ied  by  the  continued  growth 
of  the  parasite  in  the  form  of  a  large  homogeneous  richly  pigmented 
body,  which  finally  occupies  at  least  four-fifths  of  the  swollen  red 
corpuscle,  and  by  certain  nuclear  changes  which  it  is  difficult  to  follow 
in  specimens  stained  by  methylene  blue  or  hsematoxylin,  but  which 
are  fully  demonstrated  by  Xocht’s  method. 

The  exact  limits  within  which  the  parasite  may  be  termed  “  full 
grown  ”  can  be  sharply  fixed  only  with  great  difficulty,  but  there 
appears  to  be  a  period  of  at  least  12  hours,  during  Avhich  there  is 
little  change  in  the  structure  of  the  organism  and  during  which  the 
body  stains  homogeneously  and  the  nucleus  occupies  the  entire  ring. 
This  period  may  be  placed  between  the  24th  and  40th  hour  of  the 
cycle.  A  portion  of  it  is  occupied  by  nuclear  changes  belonging  to 
the  reproductive  phase  of  the  parasite’s  development. 

After  the  api^earance  of  a  faint  intranuclear  network  most  authori¬ 
ties  agree  that  the  nucleus  largely  disappears,  so  far  as  can  be  deter¬ 
mined  in  specimens  stained  by  methylene  blue  or  hmmatoxylin,  and 
that  it  is  next  seen  in  the  form  of  highly  refractive  achromatic  spots 
in  the  meshes  of  the  reticulated  presogmenting  body  (methylene 
blue),  and  these  again  stain  deeply  with  hmmatoxylin. 

Xocht’s  method,  however,  fully  demonstrates  the  nuclear  changes 
whicli  occur  in  the  full-grown  parasite.  A  consideralde  area,  usually 
the  entire  original  ring,  is  now  occupied  by  a  milky  ”  or  slightly 
bluish  staining  substance  in  which  lie  a  considerable  number  of  very 
fine  chromatin  granules.  These  granules  arc  usually  difficult  to 
stain,  and  being  of  very  minute  size  they  are  difficult  to  sec.  This 
fact  has  led  Ziemann  and  Gautier  to  admit  the  possibility  that  the 
chromatin  may  actually  disappear  at  one  stage  of  the  develojunent, 
especially  since  they  have  found  some  large  parasites  in  which  no 
chromatin  Avas  demonstrable.  In  my  specimens  there  Averc  a  very  fcAV 
large  tertian  parasites  in  AA’hich  no  chromatin  granules  appeared,  but 
these  Avere  not  more  numerous  than  younger  forms  Avdiich  Avere  also 
dcAmid  of  chromatin  and  must  therefore  be  regarded  as  sterile.  I 
therefore  interpret  the  larger  forms  devoid  of  chromatin  as  sterile 
forms,  and  cannot  accept  the  view  that  the  chromatin  entirely  dis- 


James  Ewing 


441 


appears  at  any  stage  of  the  fertile  parasite,  a  view  which  is  at  variance 
with  biological  principles. 

After  the  subdivision  of  the  chromatin  has  reached  a  limit  the  next 
change,  observed  in  a  considerable  number  of  parasites,  appears  to 
consist  in  the  extension  of  a  portion  of  the  milky  substance  and  its 
chromatin  granules  into  the  body  of  the  parasite  (Plate  XXIX,  Eig. 
13.)  At  the  same  time  the  granules  of  chromatin  increase  in  number. 
Other  forms  may  be  seen  in  which  the  “  milky  substance  ”  and  chro¬ 
matin  granules  occupy  an  elongated  space  within  the  body  of  the 
parasite,  and  in  such  cases  the  beginning  concentration  of  pigment  and 
deeper  stain  of  the  parasite  indicate  the  presence  of  the  presegment¬ 
ing  stage  (Plate  XXIX,  Eig.  14). 

Presegmenting  Bodies. — In  specimens  stained  by  methylene  blue 
the  first  demonstrable  indications  of  the  division  of  the  parasite  are 
seen  in  deeper  staining  capacity  and  tendency  toivard  reticulation 
which  appear  throughout  the  whole  or  in  a  part  of  the  body  of  the 
parasite.  Occasionally  these  changes  may  be  noted  in  one-half  the 
parasite  while  the  other  half  retains  the  homogeneous  appearance  of 
the  “  full-grown  ”  organism.  Usually  the  process  is  found  to  have 
affected  the  entire  organism,  giving  the  very  characteristic  forms 
sketched  in  Plate  XXIX,  Figs.  .15  and  16.  In  the  presegmenting 
bodies  the  pigment  is  gathered  in  a  reduced  number  of  coarse  grains, 
which  lie  in  the  body  of  the  parasite  in  a  position  determined  by  that 
of  the  new  multiple  nuclei. 

These  bodies  were  first  described  Ijy  Golgi  in  fresh  blood  and  properly 
interpreted  as  belonging  to  the  process  of  segmentation.  Later  they 
were  described  by  Marchiafava  and  Celli“  as  vacuolated  parasites,  the 
highly  refractive  nuclear  bodies  appearing  in  the  fresh  condition  very 
much  like  vacuoles.  Still  later,  Celli  and  Guarnieri  sketched  them  from 
specimens  stained  in  the  fresh  condition,  regarding  some  as  showing 
])artial  segmentation,  others  as  vacuolated  parasites,  although  they  accu¬ 
rately  described  the  appearance  of  the  nuclear  particles  invariably  found 
within  these  “vacuoles,”  while  still  others  they  supposed  to  be  groups  oC 
confluent  iiarasites,  i.  e.  true  ])lasmodia.  Mannaberg’s  descriptions 
(ISOO),  referring  only  to  fro.sh  blood,  do  not  include  these  bodies,  nor 

<1,  ISsr,  2.  S.,  iii,  1>.  277. 
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have  they  found  a  distinct  place  in  his  plates,  although  some  of  the 
figures  in  his  Plate  IV  indicate  that  they  have  not  escaped  his  ob¬ 
servation. 

Thayer  and  ITewetson,'*  in  their  carefnl  study  of  the  parasite  in  fresh 
blood,  designate  as  preseginenting  bodies  the  parasites  with  collected 
masses  of  pigment  {carpi  con  hhcchetto  of  the  Italian  writers). 

Laveran  °  refers  to  the  similarity  in  appearance  between  a  nuclear  body 
and  a  vacnole,  but  he  neither  describes  nor  depicts  tbe  presegmenting 
reticnlated  parasite. 

Ziemann  °  describes  the  presegmenting  bodies  as  they  appear  after  his 
or  Romanowsky’s  staining  methods,  bnt  the  plates  would  not  enable 
one  unfamiliar  with  the  snbject  to  identify  these  forms  in  specimens 
stained  by  eosin  and  methylene  bine. 

The  reticnlated  presegmenting  tertian  parasites  Avere  seen  in  every 
case  of  the  present  series  examined  Avithin  the  6  or  8  hours  preceding 
the  chill,  and  often  in  belated  parasites  shortly  after  the  chill.  Many 
transitional  stages  betAveen  the  homogeneons  adnlt  parasite  and  the 
perfect  rosette  may  be  seen  in  rich  infections.  They  are  Avell  demon¬ 
strated  by  eosin  and  methylene  bine,  especially  as  regards  the  increas¬ 
ing  density  of  stain  and  the  reticnlation.  After  hmmatoxylin  the 
multiple  nuclei  stain  deeply^  by  methylene  bine. 

By  Xocht’s  method  a  series  of  interesting  unclear  changes  may  be 
folloAved  in  the  presegmenting  forms.  After  the  mass  of  enlarging 
chromatin  grannies  and  milky  snbstance  has  tloAved  out  into  the  elon¬ 
gated  form  described  aboA'e,  the  chromatin  grannies  leaA'o  the  central 
clear  space  and  make  their  Avay  in  gronps  ont  into  the  body  of  the 
parasite.  Various  stages  of  this  process  may  be  folloAved  in  specimens 
taken  at  suitable  periods,  and  some  observed  phases  are  seen  in  Plate 
XXIX,  Figs.  13-10.  Considerable  difference  in  the  nnmbers  of  such 
gronps  may  be  noted  in  different  cases.  Usually  a  large  number  of 
ill-defined  groups  are  seen,  before  the  central  mass  of  granules  is 
exhausted  (Plate  XXX,  Fig.  14).  In  one  specimen  the  compact 
nuclei  of  the  young  spores  apiieared  to  form  in  one  segment  of  the 
parasite  before  the  main  mass  of  grannies  had  become  exhausted. 


■*  The  JoJiriK  Ilopkiim  IfoKpiful  Imports,  1895,  v,  p.  3. 

S’ Trait6  du  paludisme.  Paris,  181*8,  p.  02. 

6  Ueber  Malaria-  uiid  andere  Blutparasiten.  Jena,  1898. 
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Each  of  the  groups  appears  always  to  he  snrrounded  hy  a  milky  zone, 
and  the  mass  of  grannies  is  often  of  a  peculiar  triangular  form  (Plate 
XXIX,  Fig.  12).  During  these  changes  the  pigment  granules  in¬ 
crease  in  size,  diminish  in  numher,  and  are  distributed  in  the  meshes 
of  the  now  distinctly  reticulated  body  of  the  parasite. 

Tertian  rosettes  (Plate  XXIX,  Fig.  17)  are  usually  seen  in  the  cir¬ 
culation  three  or  four  hours  before  the  chill,  most  abundantly  just 
before  the  ehill,  and  a  few  are  often  to  be  found  for  one  hour  or  more 
after  the  chill.  These  limits  may  occasionally  be  much  wider,  as 
^[archiafava  and  Celli  have  seen  rosettes  2  to  6  hours  before  the  chill, 
and  6  to  7  hours  thereafter;  and  indeed,  Avhen  the  ditferent  broods  of 
parasites  are  not  very  distinct,  there  is  no  reason  why  occasional 
rosettes  should  not  be  found  at  any  period  of  the  main  cycle. 

Of  the  three  types  of  sporulation  described  by  Golgi,  the  second, 
according  to  which  the  entire  parasite  is  divided  into  spores,  leaving 
nothing  but  pigment,  is  undoubtedly  the  usual  process.  As  regards 
Golgi’s  first  type,  in  which  only  the  peripheral  portion  of  the  parasite 
divides,  leaving  a  distinct  central  globular  pigmented  body,  most 
stained  specimens  fail  to  show  convincing  evidence  that  the  physio¬ 
logical  process  of  segmentation  may  be  subject  to  siich  an  important 
modification,  nor  does  it  appear  in  recent  literature  that  the  existence 
of  this  variety  of  segmentation  has  been  fully  verified.  In  a  few 
specimens  from  patients  taking  quinine,  I  have  seen  rare  segmenting 
bodies  which  resemble  those  described  as  above  by  Golgi,  but  never 
in  fresh  cases. 

Golgi’s  third  type  of  “  ])artial  seganentation,”  together  with  the 
“  lateral  circumscribed  sporulation  ”  of  Celli  and  Guarnieri,  may  fre¬ 
quently  be  seen  in  rich  tertian  infections  in  fresh  blood,  but  according 
to  the  evidence  of  stained  specimens  this  must  be  classed  with  the 
presegmenting  forms. 

d'he  tertian  rosette  is  usually  distinguished  by  its  large  size  and 
considerable  number  of  spores — fifteen  to  twenty.  In  the  present 
cases  it  did  not  ap])ear,  however,  that  the  identification  of  the  tertian 
rosette  could  always  be  based  u])ou  the  number  of  spores.  !Marchia- 
fava  and  Ilignami  have  described  tertian  rosettes  Avith  40  to  50  spores. 
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AVitli  tlie  smaller  number  of  spores  the  rosette  was  usually  much 
larger  than  either  the  quartan  or  the  aestivo-autumnal  body. 

The  nuclear  changes  demonstrated  by  Xocht’s  method  in  the  tertian 
rosette  consist  principally  in  the  gradual  fusion  of  the  new-formed 
groups  of  chromatin  granules  into  single  compact  globules,  which  are 
partly  surrounded  by  “  milky  zones.”  AVhile  the  rosette  is  still  com¬ 
pact  the  vesicular  shape  of  the  spore  is  distinct.  The  outer  segment 
of  the  ring  is  usually  thickened,  the  nucleus  tends  to  lie  near  the 
inner  pole,  and  between  the  nucleus  and  outer  segment  is  a  small 
“  milky  zone.”  The  pigment  is  usually  collected  into  a  central' block 
or  mass  of  granules,  but  may  be  found  variously  scattered  among  the 
spores,  or  along  the  periphery  of  the  rosette. 

The  Quartan  Parasite. 

The  earliest  form  of  the  quartan  parasite  (Plate  XXXI,  Fig.  1),  as 
seen  in  the  stained  red  cell,  is  practically  indistinguishable  from  that 
of  the  tertian  organism,  but  its  true  character  may  usually  be  sus¬ 
pected  from  the  slightly  shrunken  appearance  of  the  infected  cell. 
In  fresh  specimens  the  higher  refractive  quality  of  this  parasite  is 
often,  however,  sufficiently  characteristic  for  its  identification.  After 
a  very  slight  increase  in  size  the  quartan  parasite  becomes  rather 
easy  to  distinguish  in  both  fresh  and  stained  specimens,  for  it  usually 
remains  smaller,  more  compact,  and  is  more  richly  and  coarsely  pig¬ 
mented  than  the  tertian  organism.  As  Avith  the  latter,  the  nuclear 
body  is  found  projecting  into  the  ring  (Plate  XXXI,  Figs.  1-4).  In 
fresh  specimens  at  this  period,  the  higher  refractive  qualities  and 
sloAver  amceboid  motion  are  additional  diagnostic  characters. 

The  groAvth  of  the  quartan  ring  is  very  similar  in  all  important 
respects  to  that  of  the  tertian,  AAdiile  its  distinguishing  features,  especi¬ 
ally  the  abundance  of  coarse  pigment  grains,  are  uniformly  retained 
(Plate  XXXI,  Figs.  5-8). 

During  the  presegmenting  stage  the  characters  of  the  quartan  para¬ 
site  are  markedly  different  from  those  of  the  tertian.  On  account  of 
the  sloAver  progress  of  sporulation,  and  from  the  greater  tendency  of 
the  quartan  parasite  to  complete  its  cycle  in  the  general  circulation, 
quartan  presegmenting  bodies  are  relatively  much  more  numerous 
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in  the  stained  specimens  than  are  the  similar  forms  of  tlie  tertian 
organism.  In  some  specimens  taken  several  hours  before  the  chill 
the  majority  of  organisms  found  may  present  the  markedly  reticulated 
structure  indicative  of  approaching  division.  The  multiple  nuclei 
are  less  numerous,  and  the  pigment  is  more  abundant,  and  is  often 
found  in  irregular,  partly  radiating  rows.  The  coai'sely  reticulated, 
relatively  small,  and  richly  pigmented  bodies  lying  in  markedly 
shrunken  cells  are  very  characteristic  and  not  readily  confused  Avith 
any  other  form  of  malarial  parasite  commonly  found  in  the  peripheral 
blood  (Plate  XXXI,  Figs.  10-12).  In  some  severe  sestivo-autumnal 
infections,  shoAving  many  parasites  of  all  stages  in  the  peripheral 
blood,  somewhat  similar  spheroidal  or  presegmenting  forms  of  the 
same  general  appearance  may  be  found  in  considerable  numbers,  but 
as  Avill  be  seen  by  reference  to  Plate  XXX,  the  character  of  the  pig¬ 
ment  in  the  aestivo-autumnal  parasite  is  A'ery  different.  Such  cases 
are  very  rare,  and  readily  recognized  on  clinical  grounds,  being 
almost  invariably  of  the  pernicious  type. 

The  quartan  segmenting  bodies  are  relatively  more  abundant  in 
the  peripheral  circulation  than  are  rosettes  of  any  other  variety  of 
malarial  parasite,  and  are  easily  identified  by  the  small  number  (6  to 
12)  and  comparatiA'ely  large  size  and  geometrical  arrangement  of  the 
spores  (Plate  XXXI,  Fig.  14). 

The  ^sUvo- Autumnal  Parasite. 

I'he  folloAA'ing  description  applies  to  a  group  of  organisms  Avhich, 
according  to  the  Italian  school,  comprises  tAvo  or  three  varieties  of 
malarial  parasites.  Waiving  for  the  present  the  question  of  plurality 
of  species,  the  entire  group  Avill  be  described  as  one,  and  the  grounds 
alleged  for  their  separation  Avill  be  considered  later.  The  present 
description  rests  upon  the  examination  of  some  200  cases  of  aestiA'o- 
autumnal  infection  occurring  in  F.  S.  soldiers  Avho  had  shortly  before 
arrived  at  Wontauk  Point  from  Cuba,  and  on  a  smaller  number  of 
cases  seen  in  Xcav  York  during  the  past  few  years.  The  conclusions 
draAA'n  from  the  original  examinations  have  been  verified  or  modified 
by  more  careful  study  of  these  specimens  during  the  past  AA'inter  and 
also  by  the  microscopical  study  of  the  tissues  of  a  number  of  cases 
coming  to  autopsy. 
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The  earliest  form  of  the  aestivo-autumnal  parasite  seen  in  the  red 
cells,  in  the  present  cases,  was  very  similar  to  that  of  the  tertian  and 
quartan  parasites,  but  was  slightly  smaller  tlian  either,  and  was  often 
distinguishable  from  the  tertian  by  the  shrinkage  of  the  cell,  and  from 
the  quartan  by  its  distinctly  smaller  dimensions  (Plate  XXX,  Figs. 

1  and  2).  In  fresh  specimens  the  young  amoeboid  body  usually 
showed  a  low  refractive  index  as  compared  with  the  tertian  and  quar¬ 
tan  parasites.  It  was  never  pigmented.  Associated  with  the  intra¬ 
cellular  spores  there  were  frequently  seen  in  the  plasma  small 
spheroidal  bodies,  exhibiting  an  active  rolling  motion  and  occasional 
blunt  projecting  points  (pseixdopodia?),  which,  on  becoming  ar¬ 
rested  by  contact  with  red  cells,  were  found  to  be  indistinguishable 
from  the  intracellular  bodies.  Although  seldom  identified  in  stained 
specimens,  it  appears  probable  that  these  bodies  were  young  extra¬ 
cellular  forms  of  the  parasite.  The  positive  identification  of  these 
extra-cellular  bodies,  however,  appears  to  be  a  very  hazardous  under¬ 
taking  (cf.  Ziemann,  p.  49).  In  dried  specimens  stained  by  Xocht’s 
method,  how’ever,  the  young  extra-cellular  parasite  may  be  positively 
identified  from  the  presence  of  a  characteristic  mass  of  chromatin. 
In  my  specimens  such  extra-cellular  bodies  were  rarely  encountered. 

At  a  very  early  period  of  its  development  the  sestivo-autumnal  para¬ 
site  in  the  present  cases  assumed  a  very  characteristic  ring  shape. 
Many  of  these  rings  early  developed  a  thickening  of  one  segment, 
and  to  these  bodies  of  various  sizes  the  term  ‘‘  signet-ring  ”  very  aptly 
applies  (Plate  XXX,  Figs.  5-7).  It  was  noted  that  in  some  cases  the 
rings  failed  to  exhibit  this  thickening,  but  remained  of  a  wiiform  hut 
very  fine  caliber  throughout  (Plate  XXX,  Fig.  4).  The  period  during 
which  the  rings  retained  this  uniform  caliber  was  not  determined,  but 
bodies  of  this  type  were  seen  measuring  at  least  3  !•■  in  diameter. 
They  nearly  always  presented  two  nuclear  bodies,  lying  at  opposite 
poles  or  close  together.  Occasionally  such  rings  were  found  to  have 
unfolded  and  to  be  stretched  like  a  thread  across  the  cell,  the 
nuclei  appearing  at  inconstant  intervals.  In  other  cases  no  rings  of 
this  type  were  seen,  all  showing  the  thickening  of  the  signet  and  a 
single  nuclear  body.  In  the  majority  of  cases  rings  of  both  typos 
were  associated  in  variable  numbers. 
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No  connection  was  demonstrated  between  the  clinical  features  of 
these  cases  and  the  occurrence  of  these  two  types  of  rings,  as  both  were 
found  in  cases  showing  intermittent  tertian  paroxysms,  quotidian 
paroxysms,  remittent  fever  of  seven  days’  duration,  and  irregular 
fever  for  longer  periods. 

Multi'ple  infection  with  the  young  rings  was  very  common  in  the 
red  cells  of  most  cases  of  the  present  series  and,  as  a  rule,  its  occur¬ 
rence  was  proportionate  to  the  severity  of  the  disease.  In  the  peri¬ 
pheral  blood  tliree  parasites  were  often  found  in  the  same  red  cell, 
occasionally  as  many  as  four;  while  in  smears  of  the  maiTOW  of  a 
fatal  case  infection  of  one  red  cell  with  four  rings  was  common,  five 
parasites  were  occasionally  seen  in  the  same  cell,  and  one  slightly 
swollen  red  cell  was  encountered  contaiuing  seven  well-formed  rings 
(Plate  XXX,  Eig.  2).  These  observations  accord  with  those  of  Zie- 
mann  (op.  cit.,  p.  49),  who  found  often  three  and  four  parasites,  and 
once  as  many  as  five,  in  one  red  cell. 

It  appears  in  the  descriptions  of  TIcemamoeha  iminaculata,  which  is 
said  to  sporulate  without  producing  pigment,  that  most  of  the  rosettes 
contain  comparatively  few'  spores,  averaging  from  6  to  10  (Marchia- 
fava,  Bignami,  Ziemann,  Marchoux,  Grassi  and  Eeletti).  The  close 
resemblance  to  a  non-pigmented  rosette  presented  by  some  of  these 
red  cells  harboring  5  or  6  young  parasites  was  very  striking.  In  my 
specimens  (Plate  XXX,  Eig.  2)  there  could  be  no  doubt  as  to  the 
proper  interpretation  of  the  appearances. 

Multiple  infection  of  the  red  cell  appears  in  rather  rare  instances 
to  lead  to  the  development  of  a  peculiar  form  of  the  young  sestivo- 
autnmnal  parasite  on  wEich  Mannaberg  bases  his  unique  theory  of  the 
development  of  crescents.  This  body  consists  in  the  apparent  union 
of  tw'o  rings  by  a  fusion  of  their  nuclear  bodies  (Plate  XXX,  Eig.  3). 
^Mannaberg  depicts  all  transitional  forms  between  these  bodies  and  the 
fully  developed  crescent.  Many  examples  of  these  double  rings  were 
encountered,  but  the  various  transitional  forms  from  young  doitble 
rings  to  crescents,  shown  in  Mannaberg’s  plates,  w'ere  not  seen  in  the 
present  eases. 

The  signet-ring  forms  frequently  reached  a  diameter  of  4  ;>■ ,  while 
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still  retaining  tlie  peculiar  tliickening  of  one  segment  and  a  very  dis¬ 
tinct  nuclear  body  staining  vitli  methylene  blue  and  siirronnded  by 
a  narrow  acliromatic  zone  (Plate  XXX,  Figs.  G  and  7).  Beyond  this 
size,  when  persisting  in  the  peripheral  blood,  the  growth  of  the  para¬ 
site  produced  an  irregular  body  in  which  the  outline  of  the  ring  be¬ 
came  more  or  less  obscure.  The  exact  periods  required  in  the  develop¬ 
ment  of  these  rings  were  not  definitely  determined,  but  in  six  cases 
taking  quinine  typical  signet-ring  forms  were  seen  in  the  peripheral 
blood  CO  to  72  hours  after  the  beginning  of  the  paroxysm.  It  seems 
probable,  however,  that  these  were  belated  individuals  belonging  to 
a  somewhat  scattered  brood  of  which  the  majority  either  had  retired 
to  internal  capillaries  or  had  been  destroyed  by  quinine.  Yet  in 
some  cases  in  which  the  blood  changes  were  followed  at  intervals  of 
6  to  12  hours,  the  increase  in  the  size  of  the  rings  proved  to  be  sur¬ 
prisingly  slow,  and  the  impression  was  obtained  from  these  cases  that 
the  full  development  of  the  signet  ring  usually  requires  at  least  24 
hours  and  sometimes  longer. 

In  the  majority  of  cases  the  ring  forms  seen  in  the  peripheral  blood 
failed  to  show  any  trace  of  pigment,  especially  in  patients  showing 
distinctly  intermittent  quotidian  or  tertian  paroxysms.  In  a  consider¬ 
able  number  of  instances,  however,  especially  in  very  severe  and  fatal 
infections,  the  largest  rings  exhibited  a  few  very  minute  pigment 
grains,  and  were  then  usually  associated  with  older  pigmented  forms. 

The  laier  forms  of  the  festivo-autumnal  parasite  are  rather  rarely  seen 
in  the  peripheral  eii'culation.  Most  of  the  Italian  writers  speak  of  their 
occurrence  in  the  blood  of  the  finger  as  being  very  unusual  but  not 
unknown.  Sacharoff,  in  two  cases  of  scstivo-autunmal  infection,  saw 
many  rosettes  in  the  periplieral  blood.  Ziemann  reports  that  in  malig¬ 
nant  tertian  cases  occurring  in  Italy,  he  could  follow,  in  the  blood,  the 
complete  cycle,  but  that  in  cases  occurring  in  Kamcrun  the  later  forms 
were  not  found  in  the  finger  blood.  Plelm  describes  a  variety  of  para¬ 
site  which  he  believes  is  peculiar  to  hffimoglobinuric  fever,  and  of  which 
the  later  forms  are  of  very  small  size  but  abundantly  represented  in  the 
peripheral  blood. 

In  five  cases  of  the  present  series  the  entire  developmental  cycle 
of  the  mstivo-autumnal  parasite  could  be  followed  in  the  peripheral 
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blood,  and  on  tlie  forms  obserA'ed  in  these  cases  is  based  the  present 
description  of  the  later  phases  of  this  parasite. 

After  the  ring  has  reached  its  full  size  (4  n,  24  hrs.  +),  the  sAvollen 
segment  begins  to  increase  in  bulk  and  to  inA’oh’e  a  larger  portion  of 
the  circnmference,  yielding  forms  seen  in  Plate  XXX,  Pigs.  S-10. 
Some  of  these  forms  closely  resembled  the  turhan-shaped  rings  of  the 
tertian  parasite  (Plate  XXIX,  Figs.  4  and  5),  bnt  AA'ere  mnch  smaller. 
A  feAA'^  fine  pigment  grains  AA’ere  nsnally  found  scattered  along  the 
periphery  of  the  groAving  segment.  Forms  corresponding  to  the  full- 
groAA’n  tertian  parasite  Avith  homogeneous  body  AA’ere  rarely  seen  in 
the  peripheral  blood  of  these  fiA  e  cases,  but  occasionally  some  AA’ere 
encountered  (Plate  XXX,  Figs.  11  and  12)  occupying  three-fourths 
of  the  shrunken  cell,  staining  homogeneouslA’  AA’ith  methylene  blue, 
and  failing  to  exhibit  a  distinct  nuclear  body  after  methylene  blue  or 
haematoxylin.  In  sections  of  tissues  from  fatal  cases  these  bodies 
appeared  to  be  rather  more  numerous,  but  it  AA’as  A’ery  difficult  to 
distinguish  in  sections  such  homogeneous  bodies  from  the  slightly 
reticulated  bodies  representiug  the  next  stage  of  deA’elopment.  The 
fact  that  all  other  stages  of  the  parasite  AA^ere  abundantly  represented 
in  the  blood  of  these  cases,  AAhile  the  homogeneous  forms  AA’ere  A’ery 
fcAA’,  indicates  that  this  period  of  deA’elo})ment  passes  rapidly  Avith  the 
mstiA’o-aAitumnal  organism. 

^lost  of  the  larger  forms  of  the  parasite  seen  in  the  blood-smears 
of  these  fiA’e  cases  gaA’e  CA’idence  of  approaching  segmentation,  exhibit¬ 
ing  a  distinctly  reticular  structure  and  a  condensation  of  pigment 
into  one  or  two  clumps  (Plate  XXX,  Figs.  13  aud  14).  In  many  of 
these  bodies  the  original  ring  persisted  at  one  segment  of  the  parasite, 
but  appeared  to  be  of  reduced  size  and  AA’as  sometimes  subdiA’ided  by 
strands  of  protoplasm.  The  nuclear  body  at  this  period  failed  entirely 
to  stain  Avith  methylene  blue  and  AA’as  indistinct  after  haematoxylin, 
resembling  in  this  respect  the  full-groAA’n  homogeneous  tertian  organ¬ 
ism.  The  presence  of  a  distinct  achromatic  spot  adjoining  the  clump 
of  pigment  AA’as  A’ery  frequent  in  these  forms  and  this  spot  AA’as  found 
by  Xocht’s  stain  to  be  composed  of  chromatin  granules.  The  reticu¬ 
lar  structure  of  these  bodies  Avas  usually  distinct  and  the  meshes  Avere 
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The  further  development  of  the  presegmenting  forms  is  represented 
in  Figs.  14  and  15,  Plate  XXX.  In  them  the  reticular  structure  be¬ 
comes  more  distinct,  the  pigment  is  still  fiirther  concentrated,  and  the 
subdivided  nuclear  bodies  appear  as  small  achromatic  spots  in  the 
meshes  of  the  reticulum  and  again  stain  distinctly  with  hsematoxylin. 

Posettes  (Plate  XXX,  Fig.  16)  appeared  in  the  peripheral  blood  of 
the  five  cases  in  moderate  numbers  and  exhibited,  in  all,  a  very 
uniform  structure.  The  pigment  was  grouped  in  a  central  granular 
clump,  or,  rarely,  was  somewhat  scattered.  The  spores  seemed  to  be 
arranged  in  two  rows,  but  this  appearance  was  probably  an  optical 
effect  produced  by  the  flattening  of  the  more  or  less  spheroidal  body 
of  the  rosette,  the  spores  originally  lying  in  the  central  axis  of  the 
parasite  falling,  in  the  hardening  process,  within  those  lying  in  the 
periphery.  AVhen  admitting  of  accurate  enumeration  their  numbers 
were  found  to  vary  between  IS  and  21.  The  same  number  of  spores 
was  repeatedly  counted,  in  favorable  specimens,  smeared  from  the 
marrow  of  fatal  cases.  In  sections  of  the  tissue  of  fatal  cases,  how¬ 
ever,  the  m;mber  of  spores  appeared  to  vaiy  between  wider  limits, 
i.  e.,  8  to  20,  but  as  the  entire  rosette  need  not  always  be  included  in 
the  section,  the  observations  made  in  smears  are  the  more  reliable.  A 
rim  of  hffimoglobin  invariably  surrounded  the  rosette  and  strands  of 
hmmoglobin  were  freqiiently  found  miming  between  the  spores  for 
a  variable  distance,  sometimes  within  the  outer  row.  These  rosettes 
differed  from  tertian  segmenting  forms  in  the  smaller  size  of  the  body 
and  shrunken  appearance  of  the  cells,  and  in  the  small  size,  hut  not 
in  the  number,  of  the  spores. 

In  none  of  the  blood-smears  nor  in  sections  of  tissues  of  the  fatal 
cases  were  any  rosettes  seen  without  pigment.  Although  the  arrange¬ 
ment  of  the  spores  and  pigment  often  varied,  there  were  no  indica¬ 
tions  of  the  subdivision  of  the  process  of  segmentation  into  the  three 
types  described  by  Golgi,  nor  were  any  forms  seen  which  resembled 
the  bodies  described  by  Cclli  and  Guarnieri,’  and  referred  by  them, 
with  some  uncertainty,  to  irregular  sporulation. 

The  changes  in  the  chromatin  of  the  aestivo-autumnal  parasite  can  be 
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folloAved  in  specimens  stained  by  Nocht’s  method  (Plate  XXX,  Figs. 
6-12),  but  on  account  of  the  smaller  size  of  the  parasite  and  the  scar¬ 
city  of  older  forms  in  the  blood,  it  is  difficult  to  trace  the  early  phases 
of  segmentation.  In  the  young  ring  forms  the  early  subdivision  of 
the  chromatin  has  been  noted  by  Gautier,  and  in  my  specimens  was 
a  prominent  differential  character  from  the  tertian  rings.  A  great 
variety  of  appearances  was  produced  by  the  irregular  subdivision  and 
distribution  of  the  chromatin  in  the  young  sestivo-autumnal  parasite, 
many  of  which  have  been  sketched  or  described  for  the  tertian  rings. 
The  grains  were  usually  quite  small  and  were  sometimes  apparently 
fused  into  a  spindle-shaped  mass,  lying  within  the  ring.  Other  pecu¬ 
liarities  noted  were:  a  markedly  unequal  size  of  the  grains,  a  widely 
separate  position,  a  frequent  concentration  in  the  centre  of  the  ring, 
and,  very  rarely,  a  complete  absence  of  chromatin. 

After  24  hours’  growth,  the  chromatin  granules  became  more 
numerous  and  extremely  minute,  and  were  enclosed  in  a  trace  of  the 
“milky  substance,”  as  in  the  teitian  parasite. 

When  any  considerable  quantity  of  pigment  gathers  in  the  aestivo- 
autumnal  parasite  it  is  usually  found  in  one  or  two  groups,  but  rarely 
is  diffuse.  When  the  parasite  has  reached  the  full-grown  homogen¬ 
eous  stage  the  pigment  is  commonly  found  concentrated  in  a  single 
compact  mass.  This  early  concentration  of  pigment  is  one  of  the 
chief  features  which  distinguish  the  sestivo-autumnal  from  the  tertian 
parasite  in  the  presegmenting  stage.  This  fact  has  been  fully  em¬ 
phasized  by  Gautier  and  was  very  uniformly  illustrated  in  my  cases. 
The  changes  in  the  chromatin  in  the  presegmenting  sestivo-autumnal 
body  (Plate  XXX,  Figs.  13-15)  are  similar  to  those  of  the  tertian 
parasite.  In  some  of  the  specimens  the  chromatin  granules  were 
found  in  radiating  lines  stretching  from  the  parent  mass  to  the  new 
peripheral  groups  (Plate  XXX,  Fig.  13).  In  many  specimens  the 
peripheral  group  of  granules  was  well  formed  while  the  central  por¬ 
tions  of  the  body  contained  many  diffuse  granules  (Plate  XXX,  Fig. 
14).  The  relative  quantity  of  chromatin  in  some  of  these  bodies 
appeared  surprisingly  large.  The  spores  in  the  mature  rosettes 
usually  contained  single  compact  grains  of  chromatin  (Plate  XXX, 
Fig.  16),  which  stain  readily  by  methylene  blue,  but  in  some  rosettes 
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two  large  grannies  of  eliroinatin  were  seen  in  a  few  spores,  altliongli 
the  rosette  seemed  ready  to  bnrst.  The  double  nuclei  seen  in  many 
young  mstivo-autiimnal  rings  may  perhaps  be  referred  to  the  incom¬ 
plete  fusion  of  the  chromatin  in  the  rosette. 

III.  ox  THE  rLUEALITY  OF  SPECIES  IN  THE  iESTIVO-AUTUMNAL  GROUP  OF 

PARASITES. 

The  probability  that  several  species  of  parasites  are  concerned  in 
the  severe  types  of  malarial  fever  prevailing  in  warm  climates,  especi¬ 
ally  during  the  summer  and  autumn,  has  been  maintained  chiefly  by 
Marchiafava,  Celli,  Bignami,  and  Grassi.  Brom  their  studies  of  this 
group  of  fevers  they  divide  the  aestivo-autumnal  group  of  parasites 
into  two  species:  (1)  The  quotidian,  and  (2)  the  malignant  tertian. 

1.  'The  guoiidian  parasite. — The  typical  fever-curve  of  this  variety 
the  authors  found  rather  rarely,  more  frequently  in  relapses  than  in 
initial  seizures,  while  a  postponement  of  paroxysms  was  usually  ob¬ 
served,  and  a  continuous  fever  was  very  common.  The  typical  attack  is 
short,  the  fever  lasting  G  to  8,  rarely  12,  liours,  tlie  temperature  then 
falling  to  37°  C.  or  lower.  The  descriptions  of  the  morphology  of  this 
parasite  unfortunately  refer  only  to  the  appearances  in  fresh  blood. 

During  the  rise  of  the  temperature,  the  sweating  stage,  and  the  first 
hours  of  apyrexia,  the  blood  was  found  to  contain  a  variable  number  of 
red  corpuscles  infected  with  one  or  more  very  actively  motile,  or  non- 
niotile,  parasites  of  discoidal  or  ring  shape.  During  the  afrebrile  period 
the  parasite  increased  in  size,  tlie  amoeboid  motion  diminished  or  ceased, 
and  line  pigment  grains  Avere  deposited  along  the  periphery  of  the 
organism.  Later,  in  tlie  larger  forms,  the  pigment  gathered  in  a  single 
clump  or  heap  of  grains.  During  the  entire  development  the  infected 
red  cell  diminished  in  size  and  presented  a  “  brassy  ”  color  as  a  result 
of  acute  necrosis  ”  induced  by  the  parasite,  llosettes  Avere  seldom 
encountered  in  the  blood  of  the  finger,  segmentation  occurring  prin¬ 
cipally  in  the  internal  organs,  as  seen  in  the  aspirated  splenic  blood, 
barely  segmentation  occurred  before  ’pigmentation,  but  usually  the 
numerous  round  or  oval  sjiores  Avere  found  grouped  about  a  central  pig¬ 
ment  mass,  the  rosettes  being  much  smaller  than  those  of  the  quartan  or 
common  tcutian  parasite,  rontrary  to  the  rule  in  malignant  tertian 
infections,  the  young  parasites  Avere  found  in  the  blood  from  the  be¬ 
ginning  of  the  paroxysm,  and,  exeejit  in  very  mild  eases,  there  AA'as  no 
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l^eriod  in  the  cycle  Avlien  the  parasites  were  absent  from  the  blood  of  the 
finger. 

2.  The  malignant  tertian  parasite  is  distinguished  by  the  authors  on 
both  clinical  and  morphological  grounds.  Clinically  the  typical 
paroxysm  begins  with  a  sharp  elevation  to  about  40°  C.,  the  febrile 
period  lasts  24  or  36  to  40  hours,  is  marked  by  a  pseudo-crisis  and  pre- 
critical  elevation,  the  fever  describing,  in  the  three-hourly  chart,  a  char¬ 
acteristic  course  which  differs  from  that  of  the  mild  or  common  tertian 
paroxysm.  A  tendency  towards  various  irregularities  is  common. 

In  the  blood  the  parasites  may  be  scarce  or  even  entirely  absent  at  the 
beginning  of  the  paroxysm.  At  the  height  of  the  fever  the  red  cells 
contain  certain  small,  non-motile,  annular  or  disk-shaped  bodies,  or 
irregular  amoeboid  bodies,  which  begin  to  show  pigmentation  towards 
the  approach  of  the  afebrile  period.  Most  of  the  parasites  then  disap¬ 
pear  from  the  peripheral  blood,  and  rosettes  are  rarely  seen  except  in 
some  very  rich  infections.  The  presegmenting  forms  are  round  or  ovoid, 
are  one-fourth  to  one-half  the  size  of  the  red  cell,  and  the  pigment  is 
gathered  in  a  single  clump  or  in  a  mass  of  vibrating  granules.  The 
rosettes  occupy  about  two-thirds  of  the  red  cell  and  exhibit  two  rows  of 
spores  which  usually  number  10  to  12,  rarely  15  to  16.  The 
infected  cells  are  markedly  shrunken  and  present  a  “  brassy  ”  or 
“  golden  ”  appearance. 

The  authors  distinguish  the  malignant  tertian  parasite  from  the  com¬ 
mon  or  mild  variety  on  the  following  features: 

(1)  The  malignant  tertian  parasite  is  smaller  in  all  stages.  (2)  It 
assTimes  the  ring  shape,  Avhich,  in  the  benign  tertian  parasite,  is  never 
seen.  (This  statement  has  been  shown  by  many  writers  to  be  erroneous. 
!Most  of  the  young,  mild  tertian  parasites  are  ring-shaped.)  (3)  Its  pig¬ 
ment  is  less  abundant  and  often  non-motile,  while  in  the  other  the  pig¬ 
ment  is  very  abundant  and  always  in  vibratory  motion.  (4)  The  rosettes 
are  smaller,  contain  only  10  to  12  (rarely  16)  spores  (?),  and  are  rarely 
seen  in  the  finger  blood.  (5)  The  infected  cell  is  shrunken  instead  of 
being  swollen,  as  with  the  mild  tertian  infeetion. 

From  the  quotidian  parasite  the  malignant  tertian  is  distinguished  on 
the  following  grounds: 

(1)  The  malignant  tertian  amceba  is,  in  corres])onding  stages,  larger 
and  less  transparent  than  the  quotidian.  (2)  In  the  tertian  parasite  the 
anueboid  movement  is  livelier,  so  that  the  resting  discoidal  forms  are 
less  freonent  than  witli  the  quotidian  parasite.  The  larger  pigmented 
tertian  I'orms  also  are  often  aimeboid,  this  property  persisting  for  24 
hours  nr  longer.  (3)  The  ])igment  of  the  tertian  ])arasite  is  often 
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vibratory,  but  never  in  the  quotidian.  (4)  In  the  quotidian  rosettes  pig¬ 
ment  is  sometimes  wanting.  (5)  The  appearance  in  the  finger  blood 
of  a  new  generation  of  tertian  parasites  is  seen  some  hours  after  the 
beginning  of  the  paroxysm,  therefore  much  later  than  with  the  quotidian 
infection. 

Marchiafava  and  Bignami  admit  that  the  similarity  between  the 
malignant  tertian  and  the  quotidian  parasites  is  very  great,  and  that 
the  differential  diagnosis  is  very  difficult,  and  possible  only  from  the 
full-grown  forms  seen  Just  before  the  paroxysm.  They  apparently 
do  not  feel  quite  certain  that  the  quotidian  and  malignant  tertian 
parasites  are  separate  species,  as  is  indicated  by  the  following  extract 
from  their  discussion  on  this  point :  “ 

“  The  remarkable  points  of  resemblance  between  the  quotidian  and 
malignant  tertian  parasites  make  it  very  difficult  to  solve  the  question 
whether  we  have  to  do  with  different  sorts  of  parasites  in  the  strict 
sense,  or  with  one  and  the  same  parasite  which  varies  greatly  in  the 
time  of  its  development — 24  to  48  hours — and  there  are  all  intermediate 
degrees.  On  this  latter  theory  it  becomes  easy  to  ascribe  the  morpho¬ 
logical  differences  to  the  varying  length  of  the  cycle.  But  various  facts 
oppose  this  hypothesis.  First,  the  clinical  types  of  the  quotidian  and 
tertian  are  clearly  distinct  from  each  other,  and  have  a  certain  stability 
which  is  maintained  in  relapses  and  recurrences.  Second,  we  have 
never  met  with  intermediate  forms  or  transitional  cases,  although  it  is 
very  difficult  to  interpret  the  irregular  fever.  Granting  that  the  ques¬ 
tion  cannot  at  present  be  solved  definitely,  .  .  .  we  are  inclined  to 
adopt  the  view  that  the  amoeba  of  the  quotidian  and  the  amoeba  of  the 
summer  tertian  are  closely  related  varieties  of  one  and  the  same  parasite.” 

Mannaberg  ’  accepts  the  views  of  Marchiafava,  Celli,  and  Bignami,  in 
respect  to  the  separate  nature  of  the  malignant  tertian  and  a  quotidian 
group  of  parasites,  and  his  description  of  the  morphology  of  the  parasites 
does  not  differ  from  that  of  the  preceding  authors  whom  he  largely 
quotes.  From  h's  description  of  the  single  case  of  quotidian  fever  it  is 
impossible  to  determine  how  many  groups  of  parasites  were  present  in 
the  blood. 

Grass!  and  Feletti  ”  include  all  tertian  parasites  in  one  class 
{H cpmamceha  vivax)  and  state  that  an  easily  recognized  species  of  malig¬ 
nant  quotidian  parasite  (IT.  pi-cecox)  is  found  in  Catania  during  the  sum- 


s  Translation,  T/ie  New  Sijdeuham  Society,  London,  lSit4,  vol.  cl. 
*  Die  Malariakranklieiten.  Wien,  1S90. 

Cevtntlbl.  f.  Bnkter.,  18i)l,  x,  pp.  449,  481  and  517. 
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mer  and  autumn.  Their  opinion  appears  to  be  based  largely  on  an 
acceptance  of  the  views  of  Marchiafava,  Celli,  and  Bignami,  as  they 
offer  no  detailed  description  of  these  parasites  nor  of  the  cases  in  which 
they  have  found  the  latter  variety. 

Of  the  eases  reported  by  Thayer  and  Ilewetson,  in  114  young  aestivo- 
autumnal  parasites  w'ere  seen  in  the  blood,  and  of  these  cases  IS  exhib¬ 
ited  quotidian  fever.  Although  the  examination  of  these  cases  was 
made  almost  wholly  with  fresh  blood,  it  is  significant  that  they  found  no 
evidence  on  which  to  subdivide  the  group  of  aestivo-autumnal  parasites. 

Ziemann,  from  the  study  of  210  cases  of  aestivo-autumnal  infection, 
was  unable  to  find  sufficient  grounds  for  the  subdivision  of  this  group. 
He,  however,  mentions  tlie  fact  that  the  small  parasite  observed  in  cases 
occurring  in  Crema  and  Grosseto  showed  slightly  less  amoeboid  motion 
than  that  found  in  cases  in  Kamerun,  and  admits  the  possibility  that 
quotidian  aestivo-autumnal  fever  may  be  referable  to  a  parasite  which 
completes  its  development  in  24  hours.  He  regards  it  as  equally  prob¬ 
able,  on  the  other  hand,  that  the  quotidian  fever  is  caused  by  the 
growth  of  two  generations  of  small  tertian  parasites,  but  in  his  entire 
series  he  was  unable,  on  account  of  the  disappearance  of  the  parasites 
from  the  peripheral  blood,  to  determine  accurately  the  length  of  the 
cycle.  In  his  cases  of  malignant  tertian  fever,  the  prolongation  of  the 
febrile  paroxysm,  described  by  Marchiafava  and  Bignami  as  a  character¬ 
istic  feature  of  the  malignant  tertian  infection,  was  not  always  to  be  seen. 
On  these  various  grounds  he  concludes  that  all  forms  of  the  aestivo- 
autumnal  parasite  belong  to  one  gronjj  of  which  the  cycle  varies  in  length 
from  24  to  48,  or  possibly  72  hours. 

Gautier,"  who  has  very  carefully  studied  the  malarial  parasites  of  the 
Caucasus  in  specimens  stained  by  Eomanowsky’s  method,  has  failed  to 
find  any  which  he  coidd  regard  as  completing  their  cycle  in  24  hours. 
Gautier’s  charts  illustrating  the  forms  of  the  parasite  prevailing  in  the 
blood  at  various  periods  of  the  cycle  very  graphically  illustrate  the 
difficulty  of  following  the  development  of  the  ajstivo-antumnal  parasite 
in  the  peripheral  blood.  The  prolongation  of  the  febrile  paroxysm  was 
sometimes  present,  sometimes  wanting,  and  appeared  to  be  referable  to 
the  maturation  of  sub-groups  of  parasites  (see  his  Curve  III). 

In  my  cases  there  was  a  moderate  number  of  pure  tertian  par¬ 
oxysms  caused  by  infection  with  a  parasite  morphologically  identical 


u  Ueber  clen  Parasit  I.averan  etc.  (Russian).  Moscow,  1896,  and  Ztuchr.  f.  Ihjfj. 
1898,  xxviii,  p.  439. 
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Avitli  the  malignant  tertian  of  jNEarcliiafava  and  Bignarai.  The  pro¬ 
longation  of  the  paroxysm  and  the  psendo-erisis  were  sometimes  ob¬ 
served.  I  enconntered  the  same  difficulty  experienced  by  Ziemann 
and  Gautier  in  determining  the  length  of  the  cycle  from  the  parasites 
in  the  peripheral  blood,  and  believe  that  it  is  seldom  possible  on  this 
evidence  alone  to  demonstrate  a  48-hour  cycle  for  the  parasite.  The 
infecting  brood  is  seldom  very  compact,  and  in  rich  infections,  in 
which  alone  presegmenting  bodies  and  rosettes,  appear  in  the  blood,  the 
groups  are  nearly  always  multiple.  In  my  preliminary  report  on 
the  Montauk  cases  this  difficulty  was  noted..  Indeed,  in  G  cases,  it 
seemed  impossible  to  find  any  marked  change  in  the  size  of  the  para¬ 
sites  in  the  peripheral  blood  for  three  days  after  the  chill,  the  ring 
forms  persisting  for  that  period  and  being  constantly  supplied  by 
constantly  maturing  rosettes  in  the  visceral  capillaries  (see  also  Gau¬ 
tier’s  tables).  The  frequency  of  cases  showing  the  ring  forms  per¬ 
sisting,  with  slight  changes,  for  two  or  three  days,  led  to  the  belief  that 
the  cycle  of  development  must  sometimes  extend  over  48  hours. 
I  was  not  then  familiar  with  Golgi’s  conclusions,  but  since  find  that 
this  observer,  who  is  certainly  qualified  to  know  what  evidence  is 
needed  to  establish  a  48-hour  cycle,  concluded  that  the  parasites  in 
the  blood  of  aestivo-aiitumnal  eases  are  only  an  index  of  the  infection, 
have  little  to  do  with  the  real  pathogenesis  of  the  fever,  and  that  they 
represent  early  phases  of  a  cycle  which  is  much  longer  than  has  been 
believed.” 

In  one  of  my  cases,  however,  in  which  the  examinations  of  the 
blood  were  .supplemented  by  microscopical  examination  of  the  viscera, 
a  48-hour  cycle  appeared  to  be  demonstrated.  Tor  the  present  pur¬ 
pose,  therefore,  the  temperature  chart  furnishes  by  far  the  most  con¬ 
vincing  evidence. 

I’he  majority  of  my  cases,  however,  showed  quotidian  excursions, 
and  the  temperature  chart  was  of  little  value  in  determining  the  length 
of  the  cycle.  In  these  the  parasites  in  the  blood,  and  occasionally  in 
the  viscera,  Avere  submitted  to  microscopic  examination  in  the  fresh 
condition,  and  in  specimens  stained  by  eosin  and  methylene  blue,  and 
by  Xocht’s  method.  From  this  study,  only  one  feature  was  noted 
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wliicli  conld  possibly  seiwe  to  separate  the  parasites  into  two  groups, 
and  this  related  to  the  form  of  the  young  rings.  The  majority  of  the 
young  mstivo-autumnal  rings  exhibit  a  single  chromatin  granule  and 
a  distinct  thickening  of  one  segment  of  the  ring,  and  this  latter  char¬ 
acter  is  maintained  from  the  very  smallest  form  up  to  bodies  at  least 
4  .'f-  in  diameter.  In  addition,  to  these  signet-ring  forms,  other  rings 
were  seen  which  lacked  the  signet,  were  provided  tvitli  two  chromatin 
granules  usually  located  at  opposite  points  in  the  circumference  of  the 
ring,  and  which  retained  this  appearance  up  to  a  considerable  size 
(3/^-,  rarely  4y).  Such  rings  have  been  repeatedly  observed  before 
and  accurately  sketched  (Gautier,  Ziemann,  Marchoux).  See  Plate 
XXX,  Fig.  E 

In  some  severe  cases  these  ring's,  lacking  the  signet,  constituted  the 
majority  of  all  those  seen  in  the  blood;  usually  both  forms  were 
abundantly  present,  and  in  some  distinctly  tertian  cases,  while  the 
signet-rings  were  more  numerous,  the  other  type  Avas  also  represented 
in  small  numbers.  I  am,  therefore,  unable  to  conclude  that  these 
peculiar  rings  belong  to  a  separate  species  of  parasite  with  a  short 
cycle  of  development. 

Xo  other  morphological  differences  Avere  noted  in  the  young  rings 
of  these  cases.  It  is  possible,  but  hardW  probable,  that  the  quotidian 
parasite,  if  it  exists,  Avas  not  represented  among  the  cases  seen  at 
]\[ontauk. 

Between  parasites  of  larger  size,  as  seen  in  the  blood  and  in  smears 
of  the  viscera  of  fatal  cases,  considerable  difference  in  size  Avas  noted, 
but  the  smallest  presegmenting  bodies  and  rosettes  encountered  Avere 
found  associated  only  Avith  the  usual  form  of  signet  rings.  My  obser¬ 
vations  on  the  parasites  in  the  fresh  condition  failed  to  show  any  uni¬ 
form  difference  in  the  refractive  quality  or  amceboid  activity,  but 
under  the  circumstances  they  could  not  be  pursued  so  extensively  as 
Avas  desired. 

The  evidence  secured  failed  therefore  to  establish  any  clinical  or 
morphological  grounds  on  Avhich  to  sejiarate  the  parasites  of  per¬ 
nicious  malarial  fever  into  two  or  more  groups. 

It  does  not  seem  likely  that  such  a  division  can  be  successfully 
maintained  except  on  morphological  grounds.  The  difticidty  in  fol- 
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lowing  the  development  in  the  blood  of  even  a  48-hour  parasite  is  well 
illustrated  by  Gautier’s  tables,  and  must  be  considerably  increased 
when  dealing  with  a  more  rapidly  maturing  form.  The  tendency  of 
the  sestivo-autumnal  parasite  to  be  held  in  the  viscera  during  its  later 
phases  very  greatly  complicates  the  undertaking.  In  the  cases  of 
quotidian  infection  reported  in  detail  by  Marchiafava,  Bignami,  and 
Guarnieri,  one  fails  to  find,  in  the  results  of  the  blood  examination, 
convincing  evidence  of  the  existence  of  one  group  of  parasites  with  a 
24-hour  cycle.  The  clinical  peculiarities  observed  in  these  cases  are 
not  without  significance,  but  are  of  themselves  entirely  inconclusive 
and  still  require  confirmation.  The  evidence  on  which  the  quartan, 
tertian,  and  aestivo-autumnal  parasites  are  separated  is  of  entirely  dif¬ 
ferent  value  from  that  on  Avhich  it  is  proposed  to  divide  the  sestivo- 
autumnal  group.  Distinct  morphological  characters  have  not  been 
clearly  established,  peculiar  clinical  features  have  not  been  shown  to 
characterize  any  considerable  group  of  cases,  the  developmental  phases 
of  a  24-hour  cycle  have  not  been  demonstrated  in  the  blood  or  viscera, 
and  it  would  seem  that  further  observations  are  required  before  the 
existence  of  a  quotidian  parasite  can  be  accepted  even  as  a  working 
hypothesis. 

The  later  position  of  ^Marchiafava  and  Bignami,  admitting  that  the 
existence  of  two  species  in  the  sestivo-autumnal  group  is  not  proven, 
would  therefore  seem  to  be  justified. 

That  72  hours  may  occasionally  be  required  for  the  cycle  of  the 
mstivo-autumnal  parasite  is  indicated  by  the  observation  of  a  few  cases 
of  quartan  fever  wuth  this  infection.  Such  cases  have  been  reported 
by  Gautier  and  Ziemann.  The  paroxysms,  in  Ziemann’s  case,  were 
twice  repeated,  with  intervals  of  two  days ;  the  fever  almost  completely 
subsided  in  the  interim;  and  there  seems  to  bo  no  reason  to  siippose 
that  the  irregular  maturation  of  tertian  broods  could  possibly  have 
produced  the  paroxysms.^® 

'i*R.  Koch,  wliose  report  on  malaria  in  tropical  countries  has  appeared  since  the 
completion  of  tliis  article,  lias  also  reached  the  conclusion  that  there  is  but  one 
species  of  the  lestivo-autumnal  parasite,  and  that  in  fresh  cases  the  fever  is  uniformly 
of  the  tertian  type,  but  later  tends  to  become  more  and  more  irref^ular.  lie  considers 
“tropical”  a  more  appropriate  epithet  than  “  icstivo-autumnal  ”  to  desif^nate  this 
parasite  and  the  fever  caused  by  it  {Dentiielie  nied.  Woi'henxrhr.,  1900,  p.  781). 


459 


James  Ewing 

TIcemamceha  immaculata. 

Grassi  and  Feletti,  Marchiafava  and  Celli,  Bignami,  Guarnieri,  Sach- 
aroff,  Marchonx,  and  Ziemann,  report  cases  in  which  rosettes  free  from 
pigment  M^ere  found  in  the  blood  or  viscera.  Most  of  these  authors, 
while  admitting  that  the  parasite  may  occasionally  sporulate  without 
producing  pigment,  are  not  inclined  to  regard  Ihemamoeha  immaculata 
(Grassi)  as  a  separate  species. 

Grassi  and  Feletti,  however,  claim  to  have  observed  in  a  bird  pure 
infection  with  a  variety  of  parasite  which  failed  to  produce  pigment, 
and  regard  the  appearance  in  the  human  subject  of  rosettes  wdthoiit 
pigment  as  evidence  of  infection  by  a  distinct  species  of  parasite.  Man- 
naberg  also  accepts  this  view. 

In  the  report  of  the  examination  of  the  viscera  of  this  bird  by  Grassi 
and  Feletti  no  mention  is  made  of  the  presence  or  absence  of  pigment, 
and  it  is  impossible  to  determine  whether  or  not  the  infection  had 
failed  to  produce  pigment  in  the  viscera  as  well  as  in  the  peripheral 
blood.  In  all  cases  in  Avhich  pigment-free  rosettes  have  been  found  in 
the  blood  of  human  subjects  there  have  been  found  the  usual  pigment 
deposits  and  pigmented  rosettes  in  the  viscera.  That  there  is  consid¬ 
erable  variation  in  the  quantity  of  pigment  produced  by  the  parasite  in 
fatal  cases  is  shown  by  the  reports  by  Marchiafava  and  Bignami  of  fatal 
cases  in  which  a  microscopic  examination  was  required  to  show  the 
presence  of  very  scanty  deposits  in  the  viscera.  Ziemann  mentions 
in  this  connection  that  he  has  seen  a  presegmenting  body  of  the  benign 
tertian  type  which  was  entirely  free  from  pigment. 

I  have  already  mentioned  (p.  447)  the  marked  resemblance  which  red 
cells,  harboring  five  or  six  parasites,  may  bear  to  pigment-free  rosettes. 
Most  of  these  rosettes,  as  described,  contained  a  small  member, of  spores 
(6  to  10).  In  the  sketches  of  Marchiafava  and  Celli,  as  noted  by  the 
authors,  the  spores  of  the  pigment-free  rosettes  are  of  unusually  large 
size.  Their  appearance  is  almost  identical  with  the  cell  harboring  seven 
young  parasites  sketched  in  Plate  XXX,  Fig.  2,  from  the  mayrow  smears 
of  a  fatal  case.  If  the  latter  cell  had  been  found  in  a  section  of  tissue 
it  would  have  been  scarcely  possible  to  distinguish  it  from  a  rosette 
without  pigment. 

In  a  drawing  accompanying  the  article  of  Bastianelli  and  Bignami,” 
is  a  nearly  normal  red  cell  apparently  infected  with  six  young  parasites, 
in  explanation  of  which  the  authors  suggest  an  irregidar  form  of  seg¬ 
mentation.  If  the  draAving  is  accurate,  it  appears  to  me  that  the  cell 


'■*  Bull.  (1.  r.  Acrad.  inal.  <U  Boina,  1S04,  xx,  p.  1.51,  plate  i,  tig.  2C. 
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is  too  little  altered  to  have  long  harbored  a  growing  parasite,  and  that 
the  yonng  parasites  are  too  large  for  spores.  The  drawings  of  the 
cerebral  capillaries,  filled  with  rosettes  Avithout  pigment,  hardly  admit, 
however,  of  this  interpretation.  Nevertheless,  a  failure  of  the  human 
malarial  parasite  to  ])roduce  pigment  is  such  a  violent  departure  from 
its  ordinary  physiology  that  the  fact  should  rest  only  on  the  most  abso¬ 
lute  proof,  and  it  may  not  he  amiss  to  have  suggested  a  possible  source 
of  error  in  this  field. 

In  any  case  the  grounds  are  insufficient  to  Avarrant  the  classification 
of  Hcemamaiba  immaculata  as  a  separate  species  of  parasite,  and  seem  at 
best  merely  to  justify  the  opinion  of  other  observers  that  pigment-free 
rosettes,  as  seen  in  the  human  subject,  are  an  occasional  form  of  the 
aestivo-autumnal  parasite.  Tliis  opinion  is  Avell  set  forth  in  the  Avords  of 
MarchiafaA^a  and  Bignami:''^  ‘MVe  cannot  alloAV  that  a  distinction 
should  be  draAvn  betAveen  the  llwmamoeba  prcccox  (tertian  parasite  of 
Grass!)  and  the  llcemamceha  inimaculaia,  as  tAvo  separate  species.  Seg¬ 
mentation  Avith  no  pigmentation  has  been  observed  by  Marchiafava  and 
Celli,  but  only  in  very  rare  cases,  and  ahvays  together  Avith  pigmented 
rosettes.  So  that  in  these  cases  it  Avould  be  necessary  to  suppose  a 
double  infection,  an  hypothesis  that  is  devoid  of  all  foundation.  We 
shall  feel  unable  to  change  our  opinion  until  Ave  meet  Avith  cases  Avhich 
shoAv  no  trace  of  melanaemia  and  AvhIch,  therefore,  mean  a  pure  infection 
Avith  the  Ilannamceba  immanilataP 

lA'’.  THE  NUCT.EAR  BODY  OF  THE  VIAEAUTAL  PAE.VSITE. 

From  the  earliest  period  of  the  minute  study  of  the  malarial  para¬ 
site  certain  structures  in  its  body  liav'e  been  recognized  as  probable 
nuclear  elements,  but  the  exact  significance  of  these  structures  and 
their  relation  to  the  definite  nuclear  elements  of  metazoan  cells  haA'C 
never  been  fully  determined. 

In  1889,  Celli  and  Guarnieri,’"  from  the  examination  of  fresh  malarial 
blood  stained  by  methylene  blue  in  ascitic  fluid,  described  in  the  larger 
parasites,  an  outer  deeply  staining  ectoplasm  and  an  inner  nearly 
achromatic  endoplasm.  In  the  lightly  colored  endoplasm,  surrounded 
by  a  narroAV,  perfectly  achromatic  zone,  Avas  a  sharply  marked  body  of 
variable  structure,  sometimes  compact,  sometimes  reticulated,  but  evi- 

>6  New  Sydenham  Society’s  Translation,  op.  cit. 

References  to  tlie  autliors  liere  cited  will  be  found  in  tlie  nionof^raplis  of  Thayer 
and  Ilcwetson,  of  Zlemanii,  and  of  Mannal)erff,  already  (pioted. 
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deutly  representing  the  nucleus  of  the  parasite.  On  the  inner  border 
of  the  ectoplasm  of  younger  parasites  they  found  a  deeply  staining  body 
which  they  regarded  as  the  early  form  of  the  nucleus.  Their  })lates 
accurately  depict  the  growth  of  the  “  endoplasm  and  nucleus  ”  up  to  the 
presegmenting  stage,  into  which  they  were  unable  to  follow,  it.  This 
demonstration  of  the  nuclear  body  was,  in  the  minds  of  competent  ob¬ 
servers,  the  beginning  of  the  end  in  the  controversy  regarding  the 
truly  parasitic  nature  of  the  malarial  organism. 

Using  the  same  technical  methods,  Grassi  and  Feletti,  in  1890,  de¬ 
scribed  in  the  larger  parasites  “  a  large  vesicular  nucleus  such  as  is  seen 
in  many  rhizopods.”  This  nucleus  was  usually  eccentric,  possessed  a 
very  thin,  often  indistinct  membrane,  and  an  intranuclear  network  filled 
Avith  a  semi-fluid  substance.  The  intranuclear  network  exliilnted  a  nodal 
thickening  resembling  a  nucleolus,  Avhich  was  sometimes  round  or  often 
showed  several  radiating  filaments  stretching  toward  the  nxiclear  mem¬ 
brane.  This  nucleus  xvas  not  found  in  young  parasites.  The  authors 
believed  they  could  discover  evidences  of  direct  division  of  tlie  nucleus, 
beginning  12  to  IG  hours  before  segmentation  of  the  l)ody.  The  nucleus 
of  Grassi  and  Feletti  undoubtedly  corresponds  to  the  endojdasm  of  Celli 
and  Guarnieri. 

In  1891  Eomanowsky  published  his  observations  on  the  structure 
of  the  tertian  parasite  as  demonstrated  by  his  special  staining  method. 
He  described  the  nucleus  as  a  colorless  central  area  in  the  ])arasite,  in 
which  appeared  a  smaller  body  staining  of  a  carmine  violet  color,  the 
“  nucleolus  ”  or  chromatin  of  the  nucleus.  In  the  larger  ])arasites  he 
described  the  development  of  fibrillar  chromatin  bodies  in  the  nucleus, 
indicating  a  ])rocess  of  indirect  division.  'Phese  filaments  were  indistinct 
hut  gave  the  mass  of  chromatin  a  less  compact  appearance.  The  di¬ 
aster  stage  is  roughly  indicated  in  one  of  the  sketches.  Komanowsky 
described,  also,  “  quinine  forms  ”  in  which  the  clear  zone  of  the  nucleus 
was  wanting,  this  structure  fading  insensildy  into  the  1)ody  of  the  para¬ 
site,  Avhile  the  chromatin  was  subdivided  into  many  fine  granules.  To 
judge  from  the  drawings,  these  “quinine  forms”  ap])ear  to  he  identical 
Avitlx  Gautier's  ])resegmenting  forms  (see  ]).  410).  liomanoxA'sky  men¬ 
tions  no  stage  of  the  ])arasite  xvliich  failed  to  shoxv  a  nuclear  body  stain- 
able  by  his  method. 

Sacharoir,  in  1891,  obserx-ed  tlie  “nucleolus”  lying  in  a  clear  nucleus 
in  specimens  of  a'stivo-autumnal  ]mrasites  stained  by  gentian  violet,  and 
noted  the  disa])i)earance  of  tlie  nucleus  just  before  sx'gmentation.  In 
1893  he  aiiplied  llomanowsky's  method  to  the  minute  study  of  tlie  nucleus 
and  described  a  fibrillar  structure  Avhich  occasionally  shoAA'ed  karyo- 
32 
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kinetic  figures,  lie  found,  further,  that  tlie  flagella  of  the  parasite 
stain  like  the  chromatin  of  the  nucleus,  and  concluded  that  the  fiagella 
are  separate  chromosomes  of  the  karyokinetic  nucleus,  extruded  from  the 
parasite  under  the  influence  of  cold.  In  1895,  he  reported  a  further 
study  of  the  nucleus,  and  described  the  “  extrusion  of  chromosomes  ” 
(exflagellation)  from  the  malarial  parasites  of  young  crows.  The  para¬ 
sites  of  these  animals  were  found  specially  adapted  to  the  purpose,  as 
their  nuclei  are  large,  chromatin  filaments  are  distinct,  and  flagellate 
bodies  are  found  in  the  blood  immediately  after  shedding.  In  these 
parasites  he  depicts  intracellular  formation  of  flagella  and  the  extrusion 
of  all  the  chromatin  from  the  body  of  the  parasite  in  the  form  of 
flagella.  The  author  refers  (1895)  to  the  studies  of  8ala  on  the  eggs 
of  Ascaris  megalocephala,  in  which  indications  were  found  of  an  active 
movement  on  the  ])art  of  the  chromosomes,  and  to  the  conclusion  of 
Strashurger  that  the  changing  ])osition  of  chromosomes  in  some  vege¬ 
table  cells  results  from  an  active  movement  on  the  part  of  these 
structures.  It  may  he  added  that  in  recent  years  an  extrusion  of  all 
chromatin  in  the  form  of  flagella  has  been  observed  in  various  forms  of 
coccidia  by  several  investigators. 

llastianclli  and  Bignami  described  the  minute  structure  of  the  a^stivo- 
autumnal  parasite  in  specimens  stained  by  hauuatoxylin.  In  the  young 
])arasite  they  describe  as  “  endoplasm”  the  large  central  achromatic  area 
through  which  shines  the  hamioglohin  of  the  infected  cell,  while  the 
deei)ly  staining  perijdieral  granule  Avas  said  to  consist  of  chromatin. 
This  nuclear  body,  or  endo])lasm,  ])ossesses  no  membrane  and  exhibits 
no  special  structure.  The  chromatie  granule  increases  in  size  as  the 
]iarasite  develo]is  and  the  clear  endoplasm  acquires  a  light  bluish  tinge, 
l)artly  obscuring  the  hamioglohin.  Later,  Avhen  the  jiigment  has 
gathered  in  a  single  mass,  the  body  of  the  ^larasite  hccomes  homogeneous 
and  the  chromatic  granule  disajiiiears.  These  changes  mark  the  begin¬ 
ning  of  the  re])roduetive  ])hase,  and  may  ho  followed  A'ory  shortly  by 
segmentation.  During  segmentation  the  chromatin  rea]ipears  scattered 
through  the  body  in  line  ])articles,  about  each  of  which  a  ring  of 
chromato]ihilic  substance  gathers.  A  small  remnant  of  the  endoplasm 
is  left  unutilized  in  the  segmenting  process.  The  s])ores  at  first  con¬ 
tain  no  endo])lasm,  which  a])])ears  only  in  the  young  parasite.  The 
authors  do  not  find,  either  in  their  oavu  projiarations  or  in  the  drawings 
of  others,  any  definite  structures  recalling  a  true  nucleus.  The  disap- 
poarauce  of  the  chromatin  before  sporulatiou  they  find  to  bo  analogous 
to  a  similar  ])henomeuou  in  the  Oregarinidie  and  Coccidia,  Avhile  in  the 
Oscillaria’  one  or  more  disseminated  granules  of  chromatin  represent 
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nuclear  bodies  similar  to  those  seen  in  the  malarial  parasite.  The 
nucleus  of  the  malarial  amceha,  they  believe,  never  assumes  the  vesicular 
or  resting  stage  on  account  of  the  rapid  succession  of  generations.  In 
the  crescents,  with  rare  exceptions,  they  found  no  chromatin,  and  there¬ 
fore  regarded  these  bodies  as  sterile. 

Mannaherg  (1893,  1899)  followed  the  development  of  the  nucleus,  as 
described  by  Celli  and  Guarnieri,  in  specimens  stained  by  h.ematoxylin, 
and  by  a  special  procedure  of  his  owu.  lie  was  unable  to  find  evidence 
of  a  karyokinetic  division  of  the  nucleus. 

Ziemann  studied  the  structure  of  the  tertian,  quartan,  and  jestivo- 
autunmal  parasites  by  means  of  his  modification  of  Eomanowsky’s  stain. 
He  followed  minutely  the  changes  in  the  nucleus  in  each  variety,  and 
described  many  minor  variations  which  may  be  of  value  in  differential 
diagnosis.  At  a  rather  early  period  of  the  cycle  the  solid  chromatin 
granule  was  usually  found  to  become  less  compact  and  was  sometimes 
divided  into  two  or  three  portions.  With  the  disappearance  of  amoeboid 
motion  in  the  parasite  the  chromatin  is  usually  divided  into  many  fine 
filaments  or  spindles  from  which  are  derived,  during  the  full-grown  and 
presegmenting  stages,  an  increasing  number  of  secondary  chromatin 
bodies  of  variable  position  and  contour,  but  eventually  forming  the 
nuclei  of  the  young  spores.  He  found  the  eccentric  position  of  the 
nucleus  in  the  young  tertian  and  its  central  position  in  the  quartan 
]iarasite  to  be  very  constant  differential  characters  in  these  organisms. 
In  tlie  “  full-grown”  stage  of  the  parasite  he  found  the  chromatin  more 
difficult  to  stain.  The  jiarasites  which  failed  to  exhiljit  a  mass  of 
chromatin  he  regarded  as  sterile.  lie  first  described  appearances  which 
recalled  the  chromatin  filaments  and  mitotic  figures  of  Eomanowsky, 
but  later  concluded  that  no  distinct  traces  of  a  true  karyokinetic  process 
could  be  demonstrated  in  these  parasites.  After  a  growth  of  IG  to  24 
hours,  the  chromatin  mass  was  found  to  break  uj)  into  a  number  of 
spindle-sha])od  granules,  which  showed  a  very  inconstant  arrangement. 
^Meantime  the  limits  of  the  nucleus  became  very  indistinct.  In  many 
l)arasites  the  nucleus  and  chromatin  disap])eared,  the  i)arasite  increased 
markedly  in  size  and  ])resented  a  rich  deposit  of  pigment  grains  in 
active  vibratory  motion.  These  forms  he  regarded  as  sterile,  and  in¬ 
cluded  among  them  the  elli])tical  and  large  oval  bodies,  in  most  of 
which  he  was  unable  to  demonstrate  any  traces  of  chromatin.  In  a 
few  crescents  obtained  from  the  bone-marrow,  11  hours  after  death,  he 
was  able  to  demonstrate  a  more  or  less  compact  mass  of  ebromatin,  but 
always  of  reduced  bulk. 

Okintsebitz  has  described  tbe  nucleus  of  the  young  forms  and  the  fine 
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structure  of  the  uialarial  ])arasite  in  specimens  stained  hy  eosin,  methylene 
blue,  and  safranine.  In  the  young  parasite  the  nucleus  was  found  to  be 
a  compact  mass  which,  in  the  tertian  parasite,  failed  to  stain  with 
methylene  blue,  hut  in  the  a*stivo-autumnal  variety  stained  densely  with 
this  dye.  The  further  changes  in  the  nucleus  were  not  fully  traced. 

March oux  describes  the  nucleus  of  the  ffistivo-autumnal  ])arasite  of 
Senegal  in  specimens  stained  by  eosin  and  methylene  blue  and  by  a  mix¬ 
ture  of  thionin  and  carbolic  acid  (see  p.  431).  In  the  early  ring-shaped 
organism  the  enclosed  substance  was  regarded  by  the  author  as  the 
nucleus,  the  dee])ly  staining  eccentric  body  as  the  nucleolus.  Sometimes 
two  nucleoli  Avere  found  at  o])posite  poles  of  the  parasite,  an  ai)i)earanee 
Avhich  he  was  inclined  to  refer  to  a  process  of  conjugation  in  view  of 
the  fact  that  later  phases  exhibited  a  single  nucleolus.  In  the  full- 
groAvn  stage  the  nucleolus  assumed  a  ])osition  in  the  centre  of  the 
nucleus,  gradually  dividing  into  a  number  of  smaller  bodies  arranged  in 
the  form  of  a  Avreath.  The  later  changes  Avere  not  folloAved,  as  the  para¬ 
sites  disappeared  from  the  ])eri])heral  blood. 

Gautier,  in  1895,  re])ortcd  a  study  of  the  malarial  })arasite  of  the 
Caucasus  in  specimens  stained  by  llomanoAvsky's  method.  He  finds  that 
the  nucleus  consists  of  a  vesicular  ])ortion  and  a  violet-staining  mass 
of  chromatin.  The  chromatin  body  is  usually  surrounded  by  a  narroAV, 
“  milky  zone,”  Avbich  is  sometimes  continued  about  the  entire  A’esicxdar 
nucleus.  In  the  ring  stage  the  hannoglobin  shines  through  the  vesiciilar 
portion  of  the  nucleus.  In  many  parasites  at  A’arious  stages  the  ‘‘  milky 
zone  ”  is  invisible.  IVitb  tbe  beginning  enlargement  of  the  body  of  the 
])arasite  the  chromatin  changes  from  a  small  compact  body  to  a  loss 
com])act  oval  mass  of  granules.  It  sometimes  early  breaks  up  into  tAVO 
or  three  ])ortions,  or  it  may  consist  of  a  single  mass  of  small  granules. 
In  some  of  Gautier’s  draAvings  these  granules  are  placed  in  tbe  centi’e 
of  the  hannoglobin  mass  Avhich  he  regards  as  shining  through  the 
vesicular  nucleus.  In  bodies  ])robably  representing  the  early  ])roseg- 
menting  stage  of  the  ])arasite  he  describes  tbe  development  of  a  reticidar 
structure  of  tbe  ])arasite  and  the  total  disa])])earanee  of  chromatin  par¬ 
ticles.  Later  the  chromatin  grains  rea])i)ear  in  the  meshes  of  the 
reticulum.  In  crescents  and  OA’oids  he  found  numerous  small  chromatin 
granules.  In  the  crescents  those  granules  appeared  to  be  much  more 
minute  than  in  the  oA'oids.  !Many  large  ])arasites  AvithoiAt  chromatin  he 
regarded  as  dead. 

The  nuclear  changes  Avhich  T  have  obserA'cd  in  specimens  stained 
by  Xocht’s  method  liaA’e  been  detailed  under  the  descriptions  of 
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species.  They  were  largely  in  accord  with  the  observations  of  Gautier 
and  of  Zieinann. 

I  find  that  the  nucleus  of  the  parasite  belongs  to  the  distributed 
type  ”  of  protozoan  nuclei  (p.  43(5),  consisting  of  granides  of  chro¬ 
matin  and,  certainly  in  the  older  and  possibly  in  all  stages,  of  an 
achromatic  substance  in  which  the  granules  are  embedded.  While 
the  claim  of  Bastianelli  and  Bignanii  must  be  admitted,  that  the  para¬ 
site  possesses  ‘‘  no  true  nucleus,”  in  the  metazoan  sense,  it  exhibits 
nevertheless  all  the  nuclear  structures  recpiired  in  some  protozoa. 

Xeither  the  nucleus  nor  the  achromatic  substance  appears  to  be 
necessarily  connected  with  the  interior  of  the  ring,  which  is  the  form 
assumed  by  the  young  and  vegetative  })arasite.  It  seems  most 
probable  that  this  form  represents  a  true  ring,  or  if  not,  the  ring  is 
bridged  by  a  substance  which  has  no  essential  nuclear  relations. 

I  find  no  forms  in  the  fertile  cycle  of  the  parasite  in  Avhich 
chromatin  cannot  be  demonstrated.  Various  intra-cellular  and  extra¬ 
cellular  forms  devoid  of  chromatin  are  for  that  reason  necessarily 
regarded  as  sterile. 

Although  there  appears  to  be  abundant  analogy  in  the  nuclear 
changes  in  the  parasites  of  birds  and  in  some  closely  related  coccidia, 
to  indicate  that  the  human  parasite  may  divide  by  a  modified  form  of 
karyokinesis,  I  could  find  no  sufficient  ground  for  applying  this  term 
to  the  series  of  nuclear  changes  ol)served  in  the  presegmenting  para¬ 
sites  in  man. 

Labbe,  Danilewsky,  Sacharoff  and  others,  in  the  blood  parasites  of 
animals,  and  Simond  and  Siedlecki,  in  various  coccidia,  find  that  the 
chromatin  regularly  ai)pcai-s  at  some  stages  in  the  form  of  fibrils,  and 
fhat  these  may  describe  figures  rather  closely  resendding  the  mitoses 
of  metazoan  cells,  liomanowsky  claimed  to  have  seen  distinct  chro¬ 
matin  filaments,  and  sketches  impeidect  mitotic  figures  in  the  tertian 
parasite.  Ziemann  relinquishes  a  similar  claim  in  his  second  article, 
admitting  that  no  distinct  mitotic  figui’cs  arc  to  be  demonstrated  in 
the  human  parasite.  Gautier’s  sketches  show  nothing  of  these  fila¬ 
ments.  In  my  specimens  from  fresh  malarial  blood  chromatin  was 
never  seen  in  the  form  of  a  filament,  all  elongated  masses  being 
invariably  of  granular  structure.  On  the  other  hand,  when  exHagel- 
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latiou  occurs  with  the  luiinan  parasite,  the  chromatin  becomes  fila- 
mentons,  figures  resembling'  monasters  are  ])rodnced,  and  the  chro¬ 
mosomes  are  extruded  as  active  flagella.  This  process  is  entirely  in 
accord  with  the  changes  depicted  by  Sacharoff  in  the  parasites  of  birds. 

It  appears,  therefore,  that  in  the  fertile  cycle  of  the  malarial  para¬ 
site  division  occurs  by  a  very  simple  process  which  may  be  likened  to 
amitosis,  the  only  A’isible  changes  in  the  chromatin  being  subdivision 
and  fusion.  In  another  cycle  of  development,  adapted  for  the  extra- 
cor])oreal  groAvth  of  the  parasite,  division  occixrs  by  a  modified  form  of 
karyokinesis,  the  chromosomes  leaving  the  parent  cell  to  fertilize 
other  individuals.  Some  of  the  structures  seen  in  coccidia  by  Simond 
and  Sicdlecki  have  been  interpreted  as  showing  the  fertilization  of 
one  parasite  by  the  flagellum  of  another.  MacCallum,^’  working 
with  the  blood  of  infected  crows,  repeatedly  saw  free  flagella  enter 
other  parasites  in  which  they  became  lost,  and  he  was  able  to  repeat 
this  observation  in  a  case  of  human  a^stivo-autumnal  infection.  Evi¬ 
dence  is  therefore  gradually  being  gathered  to  deternnne  the  true 
significance  of  flagellation  and  to  locate  in  the  ])roper  place  the  func¬ 
tion  of  karyokinesis  in  the  malarial  parasite. 

V.  THE  CKESCEXTIC  HODIES. 

While  the  results  of  recent  studies  of  the  coccidia  (Simond,  Sicdlecki, 
Schaudinn)  bear  on  some  obscure  points  in  the  biology  of  tlie  malarial 
parasite,  the  full  significance  of  the  crescentic  bodies,  even  in  the  coccidia, 
has  not  yet  been  demonstrated,  altliough  the  position  of  these  l)odies  in 
the  develoi)inental  cycle  has  l)een  determined.  In  various  coccidia  it 
has  Ijeeii  shown  that  tliere  are  two  cycles  of  develoi)ment,  one,  the 
sjioridating  cycle,  leading  to  the  development  of  encysted  bodies,  the 
other,  aspondate  and  ])arthenogenetic,  leading  to  the  development  of 
crescentic  and  flagellate  bodies.  The  individuals  of  the  sporulating 
series  are  capable  of  rei)roductiou  in-the  host,  but  in  the  aspondate  series, 
the  crescents  and  flagellate  forms  are  very  fi'agile,  di«ipp(isH'ing  rapidly 
when  ex])osed  to  unfavorable  conditions,  and  alone  are  incapable  of  self- 
per])etuation.  There  is  evidenee  in  the  coeeidia  that  some  of  the  cres¬ 
centic  bodies  rei)resent  the  female  element  and  reipiire  fecundation  by 
the  flagellum  or  male  element,  in  order  to  become  fertile. 
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]\IacCallum’s  observations  on  Ilalteridinin,  a  crescentic  parasite  of 
birds,  indicate  that  these  crescentic  bodies  are  of  two  varieties,  one,  the 
male,  producing  flagella,  the  other,  the  female,  uniting  with  a  free 
flagellnm  and  developing  into  a  motile  form  called  the  “  vermicnlus.” 

Further  evidence  on  this  point  has  been  furnished  by  Ross,  who  fonnd 
that  when  the  blood  of  birds  infected  with  Proteosonia,  a  species  of  para¬ 
site  closely  resembling  the  malarial  anueba,  reaches  the  stomach  of  the 
moscpiito,  many  of  the  organisms  become  flagellated.  A  feAv  days  later 
he  finds  in  the  stomach-wall  of  the  moscpiito  certain  large  encysted  pig¬ 
mented  bodies  containing  many  rod-like  struetnres  and  some  “black 
s])ores,"  which  on  the  rupture  of  the  cyst  gain  the  general  circulation. 
In  the  salivary  glands  of  the  insect  these  “germinal  rods’’  may  be  found 
in  large  numbers.  Ross  was  able  to  infect  young  l)irds  by  subjecting 
them  to  the  bites  of  mos(|uitoes  fed  on  blood  containing  Proteosonia, 
but  Avas  unsuccessful  with  Ilalteridium. 

(irassi,  Ibgnami,  and  Rastianelli,  have  confirmed  and  extended  Ross’s 
observations.  These  investigators  succeeded  in  coiiA’cying  the  aesth'O- 
autuinnal  infection  from  one  human  l)eing  to  another  by  means  of  a 
particular  A’ariety  of  mosquito,  xVnopheles  clavigcr,  the  “  dapple-Avinged  ” 
mosquito  described  by  Ross,  ^loreover,  they  fed  their  mosquitoes  on 
blood  containing  crescents,  shoAving  that  these  bodies  are  capable  of 
further  develo])ment  in  a  ncAv  host.  In  the  mosquito  they  observed,  as 
Tloss  had  done,  exflagellatifm  of  the  crescents,  development  of  encysted 
bodies  in  the  stomach-Avall,  discharge  of  “  germinal  rods,”  and  their 
accumulation  in  the  saliA’ary  glands  of  the  infecting  insect.  Later  they 
succeeded  in  transferring  the  tertian  parasite  in  the  same  Avay,  the  large 
hyaline  forms  furnishing  the  flagella  in  the  mos(|uito's  stomach.  They 
found  no  bodies  resembling  the  vermicnlus  of  birds,  and  it  has  not  been 
shoAvn  hoAv  the  ])arasite  ])ierccs  the  AA’all  of  the  stomach.  It  is  thus  clear 
that  the  crescentic  body  is  a  form  of  the  parasite  adajited  to  further  de- 
A’elo])ment  in  a  neAV  host. 

Of  the  mode  of  origin  of  the  crescents  in  man  there  is  still  nothing 
definitely  knoAvn.  In  sup])ort  of  ^lannaberg’s  theory  that  they  are 
conjugation  forms  resulting  from  the  union  of  tAvo  ring  forms,  no  ncAV 
facts  luiA’c  been  obseiwed.  Orassi  and  Feletti,  Avho,  in  ISDl,  claimed  that 
in  birds  a  certain  number  of  crescents  Avere  undoubtedly  produced  by 
conjugation  of  younger  forms,  Iuia’c  a]q)arently  not  insisted  iqion  tbe 
correctness  of  tins  vioAV.  On  tbe  contrary,  the  studies  of  the  deAclop- 
nient  of  coccidia  in  tbe  rabbit,  salamander,  cuttle-fish,  and  other  animals, 
strongly  op|)ose  ^lannaberg's  theory,  for  in  these  organisms,  AA'hich, 
according  to  ^letchnikofl*,  are  clearly  related  to  the  malarial  ])arasite,  the 
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crescentic  form  is  produced  in  an  entirely  different  manner,  by  the 
segmentation  of  a  large  spheroidal  body  into  several  small  hnt  fully 
formed  crescentic  bodies.  Xo  similar  parent  bodies  have  been  described 
in  the  blood  or  tissues  of  the  human  subject. 

Celli  and  Gnarnicri,  in  1889,  and  Canalis  in  1890,  depicted  the 
young  forms  of  the  crescentic  bodies  as  small,  narrow  crescents  with 
considerable  fine  pigment,  lying  within  slightly  altered  red  cells,  and 
traced  the  development  through  a  gradual  increase  in  size,  with  de¬ 
struction  of  the  luemoglobin  of  the  infected  cell,  up  to  the  adult 
crescent..  From  the  adult  crescents,  ovoid,  elliptical,  and  s})heroidal 
bodies  may  then  form,  and  these  frequently  become  flagellated. 
These  phases  of  development  have  been  very  generally  accepted,  and 
are  largely  in  accordance  with  analogous  processes  in  various  coccidia. 
There  is,  however,  a  lack  of  agreement  regarding  the  relation  of  the 
ovoid  and  sjdieroidal  bodies  to  the  crescentic  forms.  AVhen  exam¬ 
ined  in  the  fresh  condition  crescents  are  frequently  seen  to  assume 
the  s])heroidal  form,  and  if  a  little  moisture  is  added  the  spheres  may 
extrude  flagella.  Occasionally,  however,  the  s})heres  or  OA’oids  may 
be  seen  to  revert  to  the  crescentic  form,  as  described  by  Ziemann  and 
others.  Xow,  crescents  of  almost  any  size  may  be  made  to  assume 
the  sjiheroidal  form,  from  which  it  appeal’s  that  this  body  is  not  always 
to  be  included  in  the  natural  develojimental  series  of  the  crescent.  1 
have  seen  s])heroidal  bodies  develop  from  crescents  about  which  there 
was  hardly  a  trace  of  luemoglobin,  while  in  other  cases  the  spheroidal 
body  did  not  oc-enpv  more  than  two-thirds  of  the  red  cell.  The  young 
crescents  which  appear  in  the  blood  on  the  fourth  or  fifth  day  of  the 
paroxysm  have,  in  my  cases,  been  of  small  size,  rather  broad,  and  often 
no  longer  than  the  r(‘d  eell.  They  are  often  distinctly'  oval  or 
sjiheroidal  in  the  stained  sjiecimen.  During  the  fifth  to  the  seventh 
days  tlu'V  gradually'  increase  in  size,  with  progressive*  destruction  of 
luemoglobin,  and  finally'  assume  the  elongated  crescentic  form,  Avith- 
out  luemoglobin.  My'  conclusion,  therefore,  is  that  the  ovoid  and 
spheroidal  bodies  seen  in  tin*  ordinary'  .stained  s])ecinien  are  usually' 
y'onnger  forms  than  the  elongated  eres(*ent,  and  that  the  s])heroidal 
bodies  which  form  in  shed  blood  may'  be  derivc'd  from  crescents  of 
almost  any  ag(‘.  'J'lie  (luantity  of  luemoglobin  about  the  spheroidal 
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body  would  seem  to  be  a  reliable  indication  of  the  age  and  original 
form. 

In  1889  Canalis  described  a  fprm  of  segmentation  in  crescents.  The 
segmenting  bodies  were  elliptical  in  form  and  discharged  eight  or  ten 
rather  large  spores.  At  the  same  time,  Celli,  and  Marchiafava  and 
(lolgi,  Avere  inclined  to  believe  that  crescents  might  spornlate  in  the 
blood,  hut  were  not  certain  that  they  had  ever  seen  such  forms.  Antolisei 
and  Angelini,  in  1890,  confirmed  Canalis’s  observations,  stating,  how¬ 
ever,  that  the  new  spores  ])ossess  a  double  contour,  (irassi  and  Feletti, 
and  Sacharolf,  believing  that  the  crescents  represent  a  separate  species 
of  organism  (Laverania  malaria’),  accept  of  necessity  the  hypothesis  of 
their  S])orulation,  hut  have  not  })ositively  identified  segmenting  forms  in 
the  blood.  Lewkowicz  (1897)  reports  that  he  has  seen  two  crescents  in 
the  act  of  s])orulation  in  the  blood,  and  in  the  splenic  blood  he  describes 
some  segmenting  crescents  containing  as  many  as  thirty  spores.  The 
transverse  subdivision  of  crescents  has  been  observed  by  Grassi  and 
Feletti,  ^Mannaberg,  Ziemann,  and  others.  Ziemann,  however,  regards 
this  process  as  unquestionably  not  of  a  rei)roductive  natiire.  The  trans¬ 
verse  segmentation  of  crescentic  bodies  has  been  clearly  demonstrated  in 
coccidia  (dackson  Glarke),  but  the  fate  of  the  segments  is  not  shown, 
and  Avhile  there  are  indications  that  the  crescentic  bodies  of  coccidia  may 
be  niulti])lied  to  some  extent  in  this  way,  the  same  evidence  clearly  shows 
that  the  ])rocess  is  exce])tional. 

The  various  ])hases  of  gemmation  and  budding  described  by  many 
writers  have  never  been  strongly  urged  as  a  natural  method  of  reproduc¬ 
tion  of  crescents. 

Accordingly,  oi)posed  to  a  moderate  number  of  inconclusive  and 
often  uncertain  observations  favoring  the  segmentation  of  crescents, 
there  are  entirely  negative  results  from  the  vast  majority'  of  observers. 

Various  studies  of  related  protozoa  indicate  that  crescentic  bodies, 
after  fertilization,  regularly  ])roceed  to  further  development  with  en- 
cy'stment  and  the  production  of  an  entirely  different  form  of  the 
j)arasite,  but  sometimes  leading  to  autoinfection  of  the  same  host. 
Although  there  is  no  satisfactory  evidence  that  the  malarial  crescents 
can  develoj)  further  in  the  human  being,  it  is  by'  no  means  certain 
that  their  formation  and  develoi)ment  are  entirely'  innocuous  to  the 
patient. 
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Xot  a  few  observers  have  connected  certain  febrile  paroxysms  with  the 
growth  of  crescents.  Golgi  in  1889  referred  some  forms  of  fever  at  long 
intervals  to  the  development  of  new  broods  of  crescents.  Laveran  still 
(1899)  holds  that  crescents  alone,  without  the  presence  of  other  forms, 
can  be  associated  with  a  febrile  paroxysm.  Canalis,  who  claimed  to 
have  found  spornlating  crescents,  connected  the  segmentation  of  these 
bodies  with  paroxysms  recurring  in  three  or  four  days.  Celli  and  San- 
felice,  and  Grassi  and  Feletti  not  infrequently  observed  paroxysms  in 
birds  associated  with  the  appearance  of  crescents  only  in  tlie  blood. 
Lcwkowicz  believes  that  the  development  of  crescents  may  produce  quo¬ 
tidian  or  tertian  fever,  or  paroxysms  at  long  intervals.  He  believes,  also, 
that  crescents  are  not  so  refractory  to  quinine  as  is  generally  supposed; 
that  they  disappear  under  quinine  after  a  variable  period,  and  that  the 
long-persisting  forms  are  new  individuals  reproduced  in  the  viscera  from 
day  to  day. 

IMost  authorities,  however,  prefer  to  attrilnite  the  irregular  ])aro.xysms 
to  the  production  of  a  limited  number  of  ordinary  anueboid  ])arasites, 
which  sometimes  fail  to  reacli  the  general  circulation  in  demonstrable 
numbers. 

'J’he  possibility  that  the  development  of  crescents  is  associated  with 
a  fel)rile  paroxysm  is  by  no  moans  disposed  of  by  tlie  proof  that  cres¬ 
cents  do  not  sporulate.  There  is  almost  certainly  a  secondary  cycle 
of  development  of  the  parasite  leading  to  the  formation  of  crescents, 
and  this  cycle  may  well  bo  several  times  repeated,  each  time  with 
fever.  For  each  crescent  destroys  a  red  coll,  and  the  crescents  in  the 
blood  are  sometimes  as  abundant  as  the  brood  of  young  anioebm. 
Although  most  cases  of  fever  at  long  intervals  arc  probably  simide 
relapses,  it  is  impossible  to  deprecate  wholly  the  tendency  to  regard 
some  of  these  paroxysms  as  evidence  of  a  second  cycle  of  development 
in  the  parasite  leading  to  the  formation  of  crescents.  In  the  ^lontauk 
series  I  was  frequently  surprised  to  find  only  young  crescents  in  the 
blood  associated  with  mild  seizures  at  irregular  intervals.  It  was 
especially'  noted  in  some  cases  in  which  crescents  persisted  in  the  blood 
after  fever  had  subsided  and  while  quinine  was  still  being  adminis¬ 
tered^  that  shortly’’  after  a  mild  chill  numerous  young  crescents 
a})peared  in  the  blood. 

Some  morphological  feaivrcs  of  the  crescentic  bodies  are  still  of 
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active  interest.  The  early  observers,  who  believed  that  crescents  were 
an  encysted  form  of  the  parasite,  frequently  depicted  these  bodies 
with  a  distinct  double  contour,  representing  a  sharply  defined  mem¬ 
brane.  AVithout  entering  into  the  details  of  opposing  views,  it  may 
be  said  that  this  extreme  claim  of  a  distinct  double  membrane  has 
been  slowly  abandoned,  and  the  most  that  is  maintained  is  the  exist¬ 
ence  of  a  condensed  outer  border  aboiit  the  crescent.  I  find  that  this 
outer  border  may  be  colored  red  by  strong  staining  with  eosin.  That 
the  reddish  border  thus  developed  is  not  identical  wutb  the  membrane 
of  the  red  cell  appears  from  the  fact  that  it  invests  the  concave  side 
of  the  crescent  where  it  may  be  widely  separated  from  the  projecting 
bow  of  the  red  cell.  The  remnant  of  the  red  cell  which  stretches  like 
a  bow  across  the  concavity  of  the  crescent,  while  usually  single,  ap¬ 
peared  double  in  one  of  the  specimens.  The  ends  of  the  bows  then 
overlapped,  each  enclosing  a  little  more  than  one-half  of  the  crescent 
(Plate  XXX,  Fig.  23). 

The  identity  of  the  bow  with  the  membrane  of  the  red  cell  has 
been  accepted  without  question,  and  its  development  in  young  speci¬ 
mens  leaves  little  doubt  of  this  origin,  but  why  it  should  increase  in 
dimensions  with  the  growth  of  the  crescent  and  why  it  is  occasionally 
double  are  at  present  obscure  questions. 

The  application  of  Xocht’s  method  to  the  crescentic  bodies  furnished 
valuable  additions  to  the  knowledge  of  these  forms.  Ziemann  found  the 
vast  majority  of  crescents  to  be  entirely  free  from  chromatin.  Gautier, 
however,  working  with  Komanowsky’s  ])rocedure,  was  apparently  the 
first  to  demonstrate  the  presence  of  chromatin  in  any  large  proportion 
of  crescents  in  human  blood.  In  the  young  ovoid  or  elliptical  forms 
he  found  a  Avell-markcd  group  of  rather  large  granules  of  chromatin. 
In  the  full-grown  crescent  a  single  group  of  very  fine  granules  lying  in  tlie 
centre  of  the  body  and  often  partly  obscured  by  the  pigment  mass,  could, 
in  the  majority  of  specimens,  be  fully  identified. 

AVith  Xocht’s  method  I  have  been  able  to  demonstrate  chromatin 
granules  iu  the  vast  majority  of  crescents  in  all  stages  (Plate  XXX, 
Pigs.  17-23).  In  the  younger  forms  the  gramiles  were  usually  larger 
and  more  distinct  than  in  the  older  forms.  In  the  adult  crescents  the 
chromatin  was  usually  found  in  a  single  rather  compact  mass  of 
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minute  granules,  which  was  usually  much  obscured  by  overlying  pig¬ 
ment.  Occasionally  the  chromatin  mass  lay  to  one  side  of  the  wreath 
of  pigment,  in  which  case  it  was  very  easily  identified.  In  a  few 
specimens  in  which  the  pigment  was  diffusely  scattered  over  the 
crescent,  the  chromatin  was  very  clearly  visible  (Plate  XXX,  Fig.  22). 

Fwo  groups  of  chromatin  granules  were  seen  in  a  moderate  num¬ 
ber  of  crescents,  in  some  of  which  the  pigment  was  arranged  in  the 
form  of  the  figure  8.  In  these  specimens  both  groups  of  chromatin 
granules  were  inclosed  in  a  single  mass  of  clear  achromatic  substance 
(Plate  XXX,  Figs.  21  and  23). 

In  a  few  specimens  it  was  impossible  to  detect  any  traces  of  chro¬ 
matin,  indicating  that  these  particular  forms  were  sterile.  Such 
forms,  however,  were  not  more  numerous  than  were  chromatin-free 
parasites  in  ordinary  cases  of  tertian  or  aestivo-autumnal  infection, 
while  they  were  difficult  to  find  in  specimens  in  which  the  staining  had 
been  especially  successful. 

Xocht’s  stain  very  clearly  demonstrates  an  elliptical  relatively 
achromatic  area  in  the  centre  of  the  crescent  in  which  the  pigment 
and  chromatin  are  usually  included.  The  line  of  demarcation  be¬ 
tween  the  bluish  staining  poles  and  the  achromatic  area  was  often  very 
sharp  after  the  application  of  this  method.  Occasionally  the  achro¬ 
matic  area  was  found  well  out  in  one  pole  (Plate  XXX,  Fig.  20). 

I’he  ai)plication  of  Xocht’s  method  to  other  forms  of  the  parasite 
greatly  increases  the  number  of  forms  in  which  evidences  of  approach¬ 
ing  segmentation  may  be  found.  In  my  specimens  of  crescents  no 
variation  in  the  chromatin  granules  or  mass  was  detected  pointing 
to  a  re])roductive  process.  The  older  and  larger  the  crescent  the 
smaller  and  less  distinct  these  granules  became.  In  some  spheroidal 
bodies  of  a  fatal  cas(‘,  however,  the  body  of  the  ])arasite  was  dis¬ 
tinctly  reticulated,  although  the  chromatin  grains  remained  in  a  single 
mass. 

VI.  EXTJtA-CKLLULAK  TAUASITES. 

That  the  young  parasite  during  its  passage  from  the  parent  rosette 
to  the  new  red  cell  is  sometimes  caught  in  the  plasma  in  both  fresh 
and  dry  specimens  is  evident  from  the  reports  of  various  observers. 

I  he  ])0ssibility  of  identifying  such  young  free  forms  in  the  fresh 
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condition  may,  however,  be  doubted.  Ziemann,  commenting  on  this 
point,  says  that  only  in  the  beginning  of  his  studies  of  malaria  did 
he  venture  to  identify  young  amceboid  organisms  in  the  plasma  of 
fresh  blood.”  Celli  and  Guarnieri  (1880)  have  sketched  the  appear¬ 
ance  of  young  extra-cellular  bodies,  including  forms  of  at  least  two 
species  of  parasites,  in  fresh  blood  stained  by  methylene  blue  after 
their  special  procedure,  but  many  of  these,  especially  the  pigmented 
ones,  were  undoubtedly  separated  from  the  cell  during  the  manipula¬ 
tion.  In  preparations  of  fresh  blood,  parasites  so  frequently  pass  from 
the  cell  into  the  plasma  that  it  may  be  doubted  if  any  accurate  esti¬ 
mate  of  the  number  of  extra-cellular  forms  in  the  circulating  blood 
can  be  obtained  by  this  method  of  examination.  In  some  cases  in 
which  I  have  seen  suspicious  extra-cellular  bodies  in  fresh  specimens, 
Xocht’s  stain  failed  to  show  any  extra-cellular  parasites  whatever. 
If  reliance  be  placed  upon  dry  specimens  stained  by  this  method,  and 
the  demonstration  of  a  distinct  nucleus  be  required,  extra-cellular 
parasites  must  be  looked  u2)on  as  a  comparative  rarity,  but  may  un¬ 
doubtedly  be  seen  in  exceptional  eases.  Gautier  and  Ziemann  depict 
siich  forms,  while  mentioning  their  rarity.  Romanowsky  could  hnd 
young  extra-cellular  tertian  parasites  only  in  patients  taking  quinine. 
Tlie  same  rule  appears  to  hold  with  the  later  stages  of  the  parasite, 
extra-cellular  jiarasites  being  found  with  extreme  rarity.  In  fresh 
specimens  a  considerable  number  of  large  forms  appear  to  be  extra¬ 
cellular,  bi;t  these,  in  stained  specimens,  usually  show  some  enclosing 
remnant  of  a  red  cell. 

Various  sterile  forms  of  parasites  described  at  length  by  Golgi,  Zie¬ 
mann,  Bignami  and  Bastianelli,  and  others,  while  usually  endoglo- 
bular,  are  sometimes  seen  in  the  plasma,  and  in  dry  specimens  may  be 
found  to  be  distinctly  extra-cellular.  The  characters  of  these  sterile 
forms  are,  according  to  Ziemann:  (1)  increase  in  size,  (2)  loss  of 
amceboid  motion,  (3)  greater  abundance  of  pigment  and  increased 
vibratory  movement  of  pigment  granules,  (4)  markedly  hyaline  ap¬ 
pearance  in  stained  specimens,  (5)  complete  or  nearly  complete 
absence  of  chromatin.  Ziemann,  however,  includes  among  the  sterile 
forms  crescents  and  spheres  derived  from  crescents,  which  do  not 
ju'opcrly  belong  in  this  class,  as  they  contain  chromatin  and  under 
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suitable  conditions  are  capable  of  further  development.  Other  sterile 
forms  described  by  Ziemann  were  found  most  abundantly  in  the 
splenic  pulp  after  death.  These  were  spheroidal  bodies,  of  large  size, 
hyaline  aspect,  vibratory  pigment,  and  deficient  supply  of  chromatin. 

Similar  large  forms  have  often  been  described  as  derived  from  full- 
grown  quartan  and  tertian  parasites,  and  their  extrusion  from  the  red 
cell  has  been  followed  in  specimens  of  fresh  blood.  The  extra-cellular 
position  of  most  of  these  forms  appears  therefore  to  be  artificial. 
"Working  principally  with  dry  specimens,  I  have  always  had  great 
difticulty  in  finding  any  of  these  large  extra-cellular  forms,  and  be¬ 
lieve  that  they  are  extremely  rare  in  the  circulating  blood.  In  speci¬ 
mens  of  fresh  blood,  however,  which  have  been  allowed  to  stand  for 
1  to  24  hours  such  forms  become  rather  numerous. 

Vacuolation  has  also  been  frequently  described  in  these  large  sterile 
parasites.  In  the  earlier  observations  of  parasites  in  the  fresh  condi¬ 
tion  the  nuclei  were  sometimes  mistaken  for  vacuoles,  an  error  against 
which  Golgi  warns.  In  stained  specimens  I  have  very  rarely  been 
able  to  identify  vaciiolated  parasites  and  believe  that  their  identifica¬ 
tion  in  fresh  blood  is  usually  very  hazardous. 

The  relation  of  the  parasite  to  the  red  cell  still  remains  a  matter  of 
dispute.  Laveran  holds  that  the  majority  of  parasites  are  merely 
attached  to  the  surface  of  the  cell,  though  some  are  fo\md  within  its 
substance.  The  crescentic  bodies  he  regards  as  strictly  intra-cellular. 

The  frequent  appearance  of  the  projection  of  the  sestivo-autumnal 
ring  beyond  the  circumference  of  the  red  cell  has  led  many  to  believe 
that  this  parasite,  at  least  in  its  early  stages,  is  merely  attached  to  the 
cell.  Marchiafava  and  Bignami,  however,  point  out  that  the  sestivo- 
autumnal  ring  in  the  fresh  condition  never  sends  pseudopodia  beyond 
the  edge  of  the  cell,  and  may  be  seen  dipping  down  or  swimming  at 
different  levels  in  the  cell. 

Gautier  very  accurately  depicts  the  appearance  of  the  ring  project¬ 
ing  beyond  the  cell,  and  there  seems  to  bo  no  good  reason  to  doubt 
that  such  parasites  are  merely  attached  to  the  cell.  It  by  no  means 
follows,  hoAvever,  that  later  stages  of  the  aestivo-autumnal  ring  are  not 
found  Avithin  the  cell,  as  described  by  INIarchiafava  and  Bignami.  It 
is  generally  accepted  that  the  tertian  parasite  lies  Avithin  the  red  cell. 
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yet  in  many  tertian  cases  tlie  hotly  and  especially  tlie  nucleus  of  tlie 
parasite  appear  to  project  beyond  the  border  of  the  cell,  even  more 
distinctly  than  in  the  case  of  the  aestivo-autumnal  ring.  Such  attached 
forms  seem  to  be  more  frequent  in  the  actively  amoeboid  stage,  and  in 
cases  taking  quinine.  In  fresh  specimens  Avhich  have  been  allowed 
to  stand  and  are  afterw^ards  dried  and  stained,  the  parasite  may  be 
found  in  various  stages  of  extrusion,  and  similar  appearances  of  pro¬ 
jection  of  body  and  especially  of  nucleus  beyond  the  cell  are  numerous. 
^Mannaberg  probably  correctly  expresses  the  facts  in  this  matter  as 
follows :  “  The  young  parasites  swim  in  the  plasma  for  a  very  short 
time  and  soon  become  attached  to  red  cells.  They  remain  attached 
to  the  cell  for  a  time  but  soon  penetrate  within,  where  their  further 
develojunent  is  coinj^leted.” 

It  is  probable  that  the  aestivo-aiitumnal  parasite  remains  attached 
to  the  cell  longer  than  the  tertian,  possil)ly  because  it  is  less  actively 
amoeboid. 

VII.  ox  A  FORM  OF  CONJUGATION  OF  THE  TERTIAN  MALARIAL  PARASITE. 

In  four  cases  of  tertian  infection  I  have  encountered  appearances 
in  the  blood  which  seem  to  admit  of  no  other  explanation  than  that  of 
conjugation  of  malarial  parasites.  In  a  considerable  number  of  other 
cases  similar  appearances  were  found,  but  much  less  frequently. 

The  blood  in  these  cases  shoAved  a  moderate  number  of  young  rings 
and  a  large  number  of  half-groAvn  and  full-gi’OAvn  forms.  A  great 
many  red  cells  showed  double  infection  Avith  young  rings.  In  many 
instances  these  rings  Avere  entirely  separate,  each  exhibiting  a  single 
large  granule  of  chromatin.  !Many  colls,  hoAvever,  contained  tAvo 
rings,  AAdiich  Avere  clearly  fused  together  along  one  segment  of  the 
ring,  and  tAvo  large  chromatin  granules  Avere  then  invariably  found 
at  different  points  in  the  rings  (Plate  XXXII,  Figs.  2-5).  The  fused 
parasites  usually  differed  in  apiiearance.  One  A\’as  a  large  delicate 
ring  Avith  a  thin  boAv,  and  chromatin  grannie  of  moderate  size,  Avhile 
the  other  Avas  a  coarser  body  Avith  thickened  boAV,  enclosing  little  or 
no  haemoglobin,  and  exhibiting  a  large  chromatin  granule  (Plate 
XXXII,  Figs.  3-5).  These  differences  betAveen  the  tAvo  conjugating 
parasites  could  not  ahvays  be  found.  Among  the  single  rings,  the 
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two  forms  of  joimg  parasites  were  often  clistinguislied,  bnt  no  single 
rings  could  be  found  containing  two  equally  large  cliromatin  grannies, 
while  every  red  cell  that  exhibited  two  large  and  equal  chromatin 
granules  contained  also  two  distinct  rings.  It  appeared  therefore  that 
the  bodies  of  many  parasites  had  become  fused  together,  while  their 
nuclei  remained  separate.  Occasionally  the  two  chromatin  granules 
were  found  close  together,  but  no  distinct  sigms  of  a  fusion  of  chro¬ 
matin  Avere  found  at  this  stage. 

On  examining  the  parasites  in  later  stages  of  development,  most  of 
them  were  found  to  have  lost  the  ring  form,  and  to  have  spread  out 
into  a  large  number  of  threads,  Avith  nodal  thickenings,  variously 
curled  in  the  red  cell.  These  threads  evidently  represented  the 
])5eudopodia  of  a  A'ery  active  amoeboid  stage.  The  chromatin  masses 
AA’ere  nOAV  subdivided  into  10  to  12  granules,  but  in  the  majority  of  the 
cases  these  masses  AA’ere  far  apart  and  shoAved  no  tendency  to  unite. 
In  many  cells,  hoAVCA’er,  the  amoeboid  figures  Avere  less  marked,  and 
the  masses  of  chromatin  lay  side  hy  side  united  hy  a  little  achromatic 
substance.  Later  some  parasites  Avere  found  in  Avhich  the  tAvo  groups 
of  rather  large  chromatin  granules  lay  in  immediate  aj) position,  sur¬ 
rounded  hy  achromatic  substance.  This  phase  Avas  marked  by  a  dis¬ 
tinct  reduction  in  the  length  of  amoeboid  figitres  (Plate  XXXII,  Figs. 
6-11). 

Many  older,  spheroidal,  hyaline  forms,  belonging  to  this  same 
brood,  Avere  found  in  tliese  cases.  All  the  older  hyaline  forms  Avere 
single  and  exhibited  a  single  large  group  of  fine  chromatin  granules. 
Xot  one  cell  harboring  tAVo  full-groAvn  parasites  could  be  found  in 
lU’olonged  and  repeated  search  through  several  slides. 

The  question  therefore  arises,  Avhat  became  of  the  A'cry  large  num¬ 
ber  of  tAvin  ])arasites  seen  in  all  tlie  younger  stages?  In  one  of  the 
^lontauk  cases  the  tAvo  broods  Avere  of  different  ages,  one  aiAproaching 
segmentation  and  all  single,  the  other  less  than  half-groA\m  and  almost 
inrarialdy  twinned.  Can  tAviiiniug  occur  in  part  of  a  brood  and  not 
in  its  oldest  members,  or  in  one  brood  extensively  and  not  at  all  in  its 
]»redecessor?  AVhile  such  physiological  variations  are  possible,  they 
ap])ear  extremely  improbable,  and  one  is  forced  to  the  conclusion, 
merely  from  the  absence  of  older  tAvinned  parasites,  that  conjugation 
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occurred.  AVhatever  interpretation  may  be  placed  upon  this  peculiar 
absence  of  older  twinned  forms,  the  finding  of  all  stages  of  union, 
first  of  the  bodies,  later  of  the  nuclei,  as  illustrated  in  Plate  XXXII, 
appears  to  admit  of  no  other  explanation  than  that  of  conjugation. 

I'he  further  examination  of  these  and  other  specimens  developed 
some  other  peculiarities  of  interest.  Single  parasites  of  each  of  the 
above  types  could  apparently  be  traced  through  later  stages  of  devel¬ 
opment.  The  small,  coarse,  densely  staining  body  remained  compara¬ 
tively  compact  throughout  its  development.  It  was  rarely  found  in 
distinct  ring  form,  enclosing  haemoglobin,  but  often  exhibited  coarse 
amoeboid  processes.  It  was  usually  of  smaller  size  than  the  average 
tertian  parasite,  but  the  infected  red  cells  were  swollen  and  pale.  In 
the  full-grown  stage  this  body  was  compact  and  densely  staining, 
with  rather  distinct  chromatin  granules,  but  I  could  not  trace  it  up 
to  a  sporulating  body  (Plate  XXXII,  Fig.  13).  In  many  respects 
these  large  forms  resemble  the  quartan  parasite,  but  the  infected 
red  cell  is  swollen,  the  pigmentation  is  not  marked  and  the  majority 
of  them,  in  younger  stages,  have  been  found  to  conjugate  with  the 
ordinary  tertian  rings. 

The  other  type  of  parasite  of  the  conjugating  pair  also  frequently 
developed  singly,  but  I  am  not  certain  that  it  reached  sporulation. 
The  young  forms  showed  the  delicate  ring  shape  with  thin  bow 
(Plate  XXXII,  Figs.  3-5).  The  larger  rings  enclosed  much  haemo¬ 
globin  and  often  exhibited  amoeboid  figures.  The  infected  cells  were 
distinctly  swollen  and  pale.  The  full-grown  form  stained  very 
slightly  and  appeared  hyaline,  while  its  chromatin  was  slight  in 
quantity  and  minutely  subdivided.  Xo  presegmenting  bodies  coidd 
be  found  in  these  cases  which  appeared  to  show  the  characters  of  this 
pale  full-grown  parasite.  All  presegmenting  bodies  and  rosettes  were 
either  densely  staining  (before  distinct  reticulation),  or  of  large  size 
and  with  abundance  of  chromatin,  the  former  developing  from  the 
compact  forms  described,  the  latter  apparently  from  the  conjugating 
parasites  but  possibly  also  from  the  siugle  rings.  Possibly  the  pale 
hyaline  full-grown  forms  with  finely  subdivided  chromatin  were  des¬ 
tined  to  become  flagellate  forms  (compare  AlacCallum’s  two  varieties 
33 


of  crescents).  Some  of  tlie  above  features  are  illustrated  in  tlie 
accompanying  drawings  (Plate  XXXII). 

Some  considerations  wliicli  do  not  favor  the  belief  in  a  process  of 
conjugation  require  mention: 

1.  The  suggestion  naturally  arises  that  the  presence  of  two  masses 
of  cliromatin  does  not  necessarily  mean  the  presence  of  two  parasites 
in  one  red  cell. 

From  a  long  series  of  observations  on  the  character  of  the  chromatin 
in  young  tertian  parasites  I  must  admit  that  this  objection  is  partly 
A’alid.  The  young  tertian  parasite,  in  some  cases,  may  be  found 
to  contain  two  masses  of  chromatin.  In  the  young  compact  body 
(mentioned  above)  (Plate  XXXII,  Figs.  1  and  d)  these  granules 
when  iiresent  are  large  and  of  nearly  equal  size,  but  in  the  delicate 
tertian  ring  I  have  never  seen  tvro  distinct  and  equal  chromatin 
granules.  In  somewhat  rare  instances  the  ring  shows  an  accessory 
granule  of  small  size  in  the  neighborhood  of  the  main  granule,  but 
never,  in  my  observation,  have  two  large  granules  occurred  in  a 
single  thin  ring-shaped  tertian  parasite.  The  significance  of  these 
double  granules  is  not  clear.  The  appearance  of  two,  very  small, 
conqiact,  spore-like  bodies  partly  fused  together,  as  may  occasionally 
be  seen,  indicates  that  such  forms  may  sometimes  result  from  the 
early  union  of  the  bodies  of  two  very  young  parasites.  The  acces¬ 
sory  granules  in  thin  ring  forms  have  always  appeared  too  small  to 
have  been  derived  in  the  same  way.  It  seems  probable  that  such 
accessory  granules  may  rcsidt  from  the  incomplete  fusion  of  the 
original  granules  which  go  to  form  the  chromatin  of  the  spore,  or,  in 
other  instances,  from  a  precocious  subdivision  of  chromatin  in  the 
young  jiarasite,  as  suggested  by  Ziemann. 

The  presence  of  two  nuclei  in  some  very  young  compact  parasites 
before  they  enter  upon  the  process  of  conjugation  with  the  large  rings 
explains  the  occasional  a})pcarancc  of  three  nuclei  about  to  unite,  as 
seen  in  some  conjugating  forms  toward  the  completion  of  the  process 
(Plate  XXXII,  Figs.  9  and  10).  In  one  case,  the  small  single  compact 
forms  with  two  nuclei,  and  large  conjugating  forms  with  tliree 
nuclei  were  present  in  considerable  and  about  equal  numbers,  d'hat 
the  presence  of  three,  large,  entirely  separate,  subdivided  nuclei  in 
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one  conjugating  form  means  the  union  of  three  original  parasites,  I 
do  not  believe;  but  the  morphological  appearances  above  described 
indicate  that  it  invariably  means  the  union  of  at  least  two  parasites. 

It  appears,  therefore,  that  the  presence  of  two  large  and  equal 
masses  of  chromatin  iu  one  infected  cell  indicates,  with  few  excep¬ 
tions,  the  presence  of  two  ])arasitcs.  Earely  three  nuclei  are  seen  in 
conjugating  forms,  two  of  which  may  he  derived  from  two  very 
young  compact  forms  uniting  very  early,  and  the  third  from  subse¬ 
quent  conjugation  with  a  thin  ring-shaped  form. 

The  further  dcvclopmeut  of  young  parasites  Avith  small  accessory 
chromatin  granules  may  he  followed  in  rare  instances.  The  acces¬ 
sory  granule  divides  as  does  the  main  mass  of  chromatin  and  later 
unites  Avith  the  other  to  form  one  clump  of  granules  in  the  full-groAvn 
stage.  Throughout  these  stages  the  total  hulk  of  these  tAvo  masses 
appears  not  to  exceed  the  aA^crage  for  single  parasites,  Avhereas  in  the 
conjugating  forms  the  excessive  quantity  of  chromatin  in  all  stages  is 
a  A^’cry  striking  feature.  In  all  the  examples  of  such  single  parasites 
that  I  have  seen,  the  unequal  size  of  the  chromatin  masses  Avas  dis¬ 
tinct,  and  there  Avere  no  appearances  suggesting  the  presence  of  tAVO 
parasites  in  the  same  cell.  These  forms,  therefore,  differ  entirely 
from  the  eonjugating  forms  above  described.  I  liaA^e  never  seen 
more  than  tAvo  masses  of  suhdiA’ided  granules  in  a  single  parasite, 
AA’hereas  three  large  and  equal  masses  may  he  observed  in  conjugating 
parasites. 

A  third  minute  granule  may  rarely  be  seen,  hoAVCver,  in 
young  rings.  Ziemann  ”  describes  the  appearance  of  multiple 
chromatin  masses  in  young  tertian  parasites.  He  AA'as  at  first  un¬ 
certain  Avhether  this  appearance  Avas  referable  to  the  presence  of  tAVO 
fused  parasites  or  to  an  early  division  of  one  nucleus,  but  finally 
accepted  the  latter  explanation,  lie  describes  the  separation  of  one, 
or  rarely  tAvo,  accessory  granules  from  the  original  mass  in  cells  in¬ 
fected  by  single  parasites.  Sometimes  the  accessory  graniile  Avas 
much  smaller  than,  sometimes  nearly  as  large  as,  the  main  granule. 
All  of  these  a})pcarances  I  have  seen  in  single  parasites,  less  often  in 


Ziemann,  CcntruW.  f.  Bukter.,  IS97,  xxi,  p.  04!?. 
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single  members  of  conjugating  pairs,  and  I  agree  witli  Ziemann  as  to 
their  significance,  but  the  conjugating  forms  above  described  are  quite 
different,  and  do  not  appear  in  Ziemann’s  descriptions. 

2.  It  may  be  objected,  furtber,  that  it  is  impossible  to  determine 
vdien  tlie  bodies  of  two  parasites  are  really  united,  as  one  may  over¬ 
lap  tlie  otlier  and  produce  a  false  appearance  of  union. 

This  difficulty  is  undoubtedly  present  with  some  of  the  young 
forms,  but  with  others  the  appearances  of  the  parasites  toward  the 
completion  of  the  process,  when  amoeboid  motion  is  subsiding,  are,  on 
the  contrary,  absolutely  convincing  that  the  bodies  are  actually  fused. 
The  significance  of  two  large  masses  of  chromatin  surrounded  by  one 
achromatic  zone  is  also  unmistakable  (Plate  XXXII,  Figs.  9  to  11). 

3.  Again,  it  may  well  be  pointed  mit  that  examples  of  twin  para¬ 
sites  of  advanced  development,  presegmenting  bodies  and  rosettes, 
are  sometimes  seen  in  severe  tertian  infections,  furnishing  examples 
of  twinning  when  conjugation  does  not  occur. 

This  fact  is  a  matter  of  common  observation,  and  in  my  series  there 
are  a  few  eases  in  which  it  was  especially  noted.  In  one  red  cell  a 
typical  rosette  with  many  spores  and  a  compressed  hyaline  body  with¬ 
out  apparent  nucleus  Avere  observed.  In  another  distended  cell  were 
seen  one  perfect  rosette,  one  imperfect  presegmenting  body,  and  one 
comjjressed  hyaline  form. 

It  may  be  said  of  these  twins,  which  proceed  to  segmentation  with¬ 
out  conjugating,  that  they  are  vastly  less  numerous  than  the  con¬ 
jugating  forms  or  young  twins  seen  in  the  same  or  other  cases.  I 
have,  for  instance,  seen  hundreds  of  conjugating  forms  within  the 
p.ast  few  months,  but  I  remember  only  tlu’ce  or  four  twinned  rosettes 
seen  in  as  many  years. 

In  the  cases  shoAving  twinned  adult  parasites  a  fcAV  younger  couples 
Avere  seen,  Avhich  shoAved  no  attempt  to  conjugate.  The  great  ma¬ 
jority  of  these  young  parasites  and  all  the  young  tAvins  in  these  cases 
Averc*  the  typical  tertian  ring-shaped  parasites,  Avhile  the  small  com¬ 
pact  forms  Avere  exceedingly  hard  to  find.  My  observations  on  this 
latter  point,  hoAvever,  are  not  so  numerous  as  is  desirable  and  are  still 
in  progress. 
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4.  Finally,  the  comparati\’e  absence  of  older  tAA’inned  parasites  may 
be  referred  to  the  death  and  extrnsion  of  one  of  the  twins  Avhile  the 
other  proceeds  to  full  deA'elopment  alone. 

In  some  gregarines  in  Avhich  multiple  infection  of  cells  and  con¬ 
jugation  of  parasites  is  common  (Klossia),  one  of  the  parasites  often 
succeeds  in  dAA’arting  its  companions  and  alone  reaches  full  deA^elop- 
ment.  The  dAA’arfed  or  dead  parasites  are  then  found  in  the  cell 
alongside  the  groAAung  form  (IVolters,  Clarke).  In  some  instances 
of  multiple  infection  by  full-groAvn  or  segmenting  malarial  parasites, 
I  have  sometimes  seen  eA’idences  of  compression  and  death  of  the 
younger  of  tAvo  or  three  organisms.  More  often  both  parasites  ap¬ 
peared  to  be  equally  favored.  In  any  case,  the  remains  of  the 
dAvarfed  parasite  ought  frequently  to  be  found  if  one  member  of  the 
pair  commonly  inhibits  the  groAvth  of  the  other.  In  the  four  eases 
referred  to  above,  no  traces  of  dAvarfed  parasites  could  be  found,  and 
AvEile  young  tAvins  Avere  extremely  ni;merous,  all  the  older  parasites 
AA^ere  single.  It  therefore  appears  impossible  to  explain  the  entire 
absence  of  older  tAvinncd  parasites,  and  especially  of  traces  of  any 
abortiA'o  individuals  in  these  cases,  on  any  other  ground  than  that  of 
conjugation. 

I  find,  therefore,  that  the  Aisual  fate  of  tAvinning  of  tertian  parasites 
is  conjugation;  that  tAvins  sometimes  groAV  to  maturity  Avithout  con¬ 
jugation,  for  reasons  Avhicli  are  not  clear,  but  apparently  Avhen  both 
parasites  shoAV  the  usual  ring  form;  that  the  union  sometimes  in- 
voh'es  three  parasites  but  probably  ahvays  requires  the  presence  of 
one  or  more  compact  densely  staining  forms,  Avhich  do  not  commonly 
assume  the  ring  shape,  and  of  one  of  the  typical  tertian  rings. 

A  further  inquiry  relates  to  the  uniformity  Avith  Avhich  conjugation 
occurs,  and  its  position  as  an  essential  or  as  an  accidental  phenomenon 
in  the  progress  of  malarial  infection. 

It  Avould  seem  that  a  process  so  fundamental  as  the  conjugation  of 
individuals,  if  it  occurs  at  all,  ought  to  be  an  invariable  feature  of 
every  active  infection,  but  there  is  not  suliicient  evidence  on  AAdiich 
to  base  any  such  claim.  The  four  cases  referred  to  as  furnishing 
numerous  clear  examples  of  conjugation  AA’ere  selected  on  account  of 
the  abundance  of  the  conjugating  forms,  but  in  many  other  cases  less 
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numerous  tiougli  equally  distinct  examples  were  seen,  indicating  that 
the  process  is  of  very  frequent  occurrence.  On  the  other  hand  it 
must  he  admitted  that  the  majority  of  specimens  from  routine  cases 
fail  to  shoAv  any  distinct  traces  of  the  process;  from  which  it  may  be 
concluded  that  conjugation  is  probably  not  an  essential  feature  of 
the  growth  of  the  parasite. 

In  the  four  marked  cases  the  infection  was  unusually  rich,  one  of 
them  showing  more  numerous  parasites  than  I  had  ever  seen  before 
in  benign  tertian  infections.  One  patient  had  just  arrived  at  Mon- 
tauk  from  Cuba,  in  September,  two  others  were  suffering  from  a  first 
attack,  in  July,  in  Xew  York  City.  In  one  case  there  was  a  prompt 
relapse  a  few  days  after  quinine  was  omitted.  It  is  possible  that 
important  clinical  features  may  be  found  to  be  associated  with  the 
presence  of  conjugating  forms,  but  the  observations  are  too  limited 
to  furnish  any  conclusion  on  this  point. 

In  aestivo-autumnal  infections,  in  which  twinning  is  very  common, 
I  have  been  unable  to  trace  the  parasites  through  the  conjugating 
period  on  account  of  their  disappearance  from  the  peripheral  blood. 
Of  five  cases  showing  rosettes  and  presegmenting  bodies  in  the  blood, 
in  one  Avere  found  several  twins  of  these  older  forms  in  the  same 
red  cell,  while  in  four  others  no  twin  parasites  were  found  beyond 
the  ring  stage,  in  Avhich  evidences  of  conjugation,  as  described  by 
Mannaberg,  Avere  occasionally  seen.  The  presence  of  double  nuclei 
in  pecufiar  ajstivo-autumnal  rings  has  been  noted.  Marchoux  sug¬ 
gests  that  such  forms  result  from  conjugation,  an  explanation  Avhich 
appears  reasonable  but  Avhieh  is  at  present  Avithout  proof.  Another 
more  probable  explanation  has  already  been  mentioned  (p.  452). 

I  liaAm  been  unable  to  secure  any  recent  specimens  of  quartan 
parasites. 

DoiAble  rings  Avith  fused  nuclei  are  apparently  a  common  form  of 
the  young  parasite  of  Texas  cattle  fever  (Theobald  Smith). 

VIII.  ox  THE  PLUKALITY  OF  SPECIES  OF  MALARIAL  PARASITES. 

The  belief  in  a  plurality  of  species  of  human  malarial  parasites  has 
been  accepted  probably  by  a  majority  of  clinical  observers  residing 
in  temperate  climates,  but  seems  never  to  have  gained  uniform  sup- 
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port  from  those  who  have  studied  largely  in  tropical  climates,  nor 
from  comparative  biologists. 

The  doctrine  of  plurality  of  species  is  maintained  by  Mannaberg, 
Xoch,  and  the  great  majority  of  German  writers,  by  Welch,  Osier,  Coun¬ 
cilman,  Thayer,  Dock,  and  practically  all  American  writers,  and  by 
Golgi,  Grassi,  Bastianelli,  and  Bignami,  representing  the  Italian  school. 
A  middle  ground  is  held  by  Kruse,  Cajialis,  Marchiafava,  Celli,  and  San- 
felice.  Babes  and  Georghiu,  Danilewsky,  and  Ziemann  (in  his  early 
publications),  who  are  inclined  to  accept  the  unicist  theory,  or  claim  at 
least  that  the  facts  do  not  warrant  the  belief  in  the  existence  of  distinct 
species;  while  Laveran,  Metehnikoff,  Marehoux,  Vincent,  and  some  others 
actively  uphold  the  existence  of  a  single  polymorphous  species. 

Among  the  pluralists  no  uniform  basis  of  classification  has  been 
established.  Those  who  rely  strictly  upon  the  morphology  of  the  human 
malarial  parasites  rather  uniformly  agree  upon  the  existence  of  three 
species — quartan,  tertian,  and  restivo-autiTmnal.  Grassi  and  Feletti,  in¬ 
fluenced  by  the  morphology  of  similar  parasites  in  lower  animals,  add  a 
fourth  distinct  species,  Laverania  malarice  (yielding  the  crescentic 
bodies),  as  well  as  Hcemamaha  immaculata.  Golgi  regards  the  distri¬ 
bution  of  the  parasite  in  the  body  of  quite  as  much  importance  as  a 
ground  of  classification  as  its  morphology,  and  therefore  makes  two 
groups,  one,  including  the  quartan  and  tertian  parasites,  which  are  found 
principally  in  the  peripheral  blood,  and  a  second,  the  aestivo-autumnal, 
which  is  found  principally  in  the  internal  organs.  Mannaberg  regards 
the  presence  or  absence  of  syzygia,  i.  e.,  crescentic  bodies,  as  the  chief 
ground  for  the  separation  into  species,  and  recognizes  as  species  which 
do  not  produce  crescents,  (1)  the  tertian  and  (2)  the  quartan  parasites, 
and  as  those  which  by  conjugation  form  crescents,  (1)  the  malignant 
tertian,  (2)  the  pigmented  quotidian,  and  (3)  the  unpigmented  quotidian 
parasites. 

Van  dor  Scheer  and  Plehn,  working  extensively  in  India  and  Africa, 
find  only  two  well-distinguished  species,  (1)  the  large  and  (2)  the  small 
forms.  The  former  include  the  quartan  and  tertian  parasites,  the  latter, 
the  aestivo-autumnal  or  tropical  group  of  other  authors. 

It  is  seen  that  wdiile  there  arc  no  distinctly  contradictory  views 
among  the  pluralists,  there  is  an  entire  lack  of  agreement  in  regard 
to  the  grounds  required  for  the  separation  of  species.  Since  there  is 
no  room  to  doubt  that  a  certain  stability  exists  in  the  three  generally 
recognized  species  of  parasites,  pi’actically  the  question  at  issue  is 
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■vvlietlier  these  species  are  ever  intercliangeable,  and,  if  so,  to  wliat 
extent  and  under  what  circumstances  may  one  species  pass  into 
another.  Mannaherg  has  fully  presented  the  evidence  in  favor  of  a 
plurality  of  species,  without,  however,  considering  many  opposing 
facts,  and  Laveran  has  ably  supported  his  own  belief  in  a  single 
species,  disregarding  much  contradictory  morphological  evidence. 
While  it  is  unlikely  that  the  question  will  be  fully  settled  until  the 
extracorporeal  form  of  the  parasite  has  been  fully  traced,  there  are 
some  recent  observations  on  tlie  subject  which  may  be  profitably  re¬ 
viewed. 

The  strongest  evidence  in  favor  of  a  plurality  of  species  is  found 
in  the  results  of  experiments  on  the  inoculation  of  malaria,  which, 
when  properly  controlled,  have  invariably  produced  the  type  of  organ¬ 
ism  found  in  the  specimen  of  blood  used  in  the  inoculation.  Manna- 
berg  tabulates  33  experiments  of  this  nature,  in  30  of  which  the 
inoculation  produced  the  type  of  organism  found  in  the  inoculated 
blood,  while  in  three  the  result  was  doubtful.  To  these  may  now  be 
added  one  case  successfully  inoculated  with  the  sestivo-autumnal  para¬ 
site  by  Zagari  and  Pace;  Sacharoff’s  infection  of  himself  with  the 
aestivo-autumnal  parasite  taken  from  a  leech;  and  two  tertian,  six 
aestivo-autumnal,  and  two  mixed  infections  by  tertian  and  aestivo- 
autumnal  parasites  reported  by  Elting.'“  There  are  thus  at  least  42 
experiments  in  which  the  inoculation  of  a  certain  variety  of  parasite 
was  followed  by  fever  and  the  growth  of  the  same  parasite  in  the 
blood.  Here  must  bo  mentioned  also  the  transference  of  aestivo- 
autumnal  and  tertian  infections,  successfully  accomplished  by  Big- 
nami,  Grassi,  and  Bastianelli,  through  the  agency  of  mosquitoes.  The 
invaiiable  reappearance  in  the  infected  individual  of  the  type  of  para¬ 
site  contained  in  the  injected  bJood  is  undeniably  strong  evidence  of 
permanency  of  these  malarial  species.  On  the  other  hand,  the  inocu¬ 
lation  experiments  by  no  means  prove  that  the  so-called  species  are 
immutable  under  all  conditions.  Accordingly,  the  passage  of  tlie 
parasite  through  the  bodies  of  mosquitoes  and  its  reappearance  un¬ 
changed  in  subjects  thus  inoculated  by  Bignami,  Grassi,  and  Basti¬ 
n' /  klin.  Mai.,  xxxvi,  p. 


485 


James  Ewing 

nelli,  must  have  far  higher  value  as  evidence  of  the  immutability  of 
the  species.  Yet  the  same  element  of  doubt  attaches  even  to  the  latter 
experiments,  which  may  merely  indicate  that  the  proper  conditions 
for  the  transformation  of  species  have  not  yet  been  furnished  arti¬ 
ficially. 

A  further  line  of  evidence  of  the  same  general  character  is  cited 
by  the  pluralists  in  the  immutability  of  species  demonstrated  in  indi¬ 
viduals  who  have  been  kept  under  observation  for  months.  It  is  a 
matter  of  common  experience  that  patients  who  suffer  relapses  after 
long  intervals  sometimes  extending  over  years,  usually  show  the  same 
tj^pe  of  parasite  in  the  relapse  as  in  the  initial  attack. 

Calandruccio  examined  a  triple  quartan  infection  daily  for  months 
and  foimd  only  quartan  parasites,  and  in  two  cases  crescents  were  found 
to  persist  in  the  blood  for  two  and  six  months  respectively,  without  the 
appearance  of  any  other  type  of  organism.  Grassi  and  Feletti  also  found 
no  change  in  the  type  of  parasites  in  a  case  of  quartan  fever  examined  for 
two  months,  and  in  a  case  of  aistivo-autumnal  infection  examined  from 
October  to  March. 

The  permanency  of  the  quartan  infections  might  be  expected,  but  the 
observations  on  sestivo-aratumnal  cases  are  valuable  indications  that 
aestivo-autunmal  infections  may,  at  least  in  some  localities,  persist  un¬ 
changed  through  the  winter.  In  this  field,  however,  the  unicists  are  able 
to  offer  cogent  evidence  in  support  of  their  claims.  Antolisei  (quoted 
by  Bignami  and  Bastianelli)  has  seen  patients  with  a?stivo-autumnal 
infection  remaining  in  the  hospital  all  winter  manifest  tertian  paroxysms 
with  tertian  parasites  in  the  blood  in  the  spring.  The)’,  however,  regard 
these  cases  as  examples  of  latent  tertian  infection. 

On  this  same  point  the  observations  of  Marclioux,  during  an  extensive 
experience  in  Senegal,  are  of  interest.  He  believes  that,  during  the 
rainy  season,  in  susceptible  individuals  the  cycle  of  the  malarial  para¬ 
sites  in  Senegal  lasts  24  hours  at  the  height  of  the  season,  but  varies  in 
different  cases.  In  F.uropeans  it  tends  to  shorten  and  the  fever  be¬ 
comes  remittent  or  continuous.  In  the  dry  season,  the  cycle  is  longer, 
and  the  volume  of  the  parasite  increases.  In  many  patients  with  a  his¬ 
tory  of  old  seizures,  who  have  acquired  some  immunity,  the  parasite 
increases  in  size  and  at  length,  he  says,  becomes  identical  with  the  mild 
tertian  species.  During  the  rainy  season  when  the  newly  arrived  Euro¬ 
peans  are  suffering  from  infection  with  the  small  ring  forms,  the  native 
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muleteers,  when  attacked,  all  show  the  large  tertian  forms  in  the  blood. 
These  observations,  while  evidently  lacking  in  precision,  must  he  re¬ 
garded  as  most  significant  of  the  underlying  conditions  governing  the 
character  of  malarial  infection  in  the  tropics. 

Ziemann’s  “  experience  led  him  to  conclusions  very  similar  to  those  of 
Marchoux,  viz.,  that  the  liiological  and  morphological  peculiarities  of  the 
parasite  may  he  altered  by  change  of  climate  and  differences  in  individual 
susceptibility.  Thus  in  a  patient  who  had  recently  returned  from 
Kamerun,  tj’pical  quartan  fever  was  found  associated  with  eestivo- 
autumnal  parasites,  while  in  another  instance  an  ordinary  tertian  fever 
was  developed.  Ziemann  also  noted  the  prevalence  of  irregular  fevers 
with  small  parasites  among  Europeans,  while  the  natives  were  suffering 
from  quartan  infections.  In  his  monograph  on  malaria  published  in 
1898,  Ziemann  opposes  the  unicists,  and  acknowledges  himself  as  a  sup¬ 
porter,  so  far  as  existing  evidence  goes,  of  the  doctrine  of  plurality  of 
species. 

observations  at  ^lontauk  on  cases  recently  arrived  from  Cuba, 
and  later  in  N’ew  York  City,  developed  some  facts  of  interest  in  this 
connection. 

In  tAvo  cases  examined  in  August  large  tertian  and  small  aestivo- 
autumnal  ring  forms  and  crescents  Avei’e  found  in  the  blood,  but  when 
these  cases  were  examined  three  Aveeks  later  only  large  tertian  para¬ 
sites  Avere  found  after  a  prolonged  and  repeated  search.  An  irregular 
administration  of  quinine  had  apparently  rid  the  blood  of  the  per¬ 
nicious  type  of  parasite,  leaving  the  benign  tertian  form  to  reappear 
in  the  relapse. 

Of  335  cases  in  Avhicli  parasites  A\-ere  identified  in  the  blood,  at 
Montank,  only  20  per  cent  (including  mixed  infections)  shoAved  the 
large  tertian  organism.  But  during  the  past  Avinter  (1898-99)  I 
examined  the  blood  of  15  A’olunteer  soldiers  avIio  Avere  suffering  from 
relapses  of  malarial  fever  contracted  in  Cuba,  and  all  shoAved  the 
large  tertian  parasite  only.  This  same  experience  has  been  the  ride 
at  various  hosjntals  and  dispensaries  of  this  city.  In  one  of  these 
])atients  the  blood  Avas  examined  in  August  by  a  competent  observer 
and  found  to  contain  oestiAm-autmnnal  rings  and  crescents,  but  in  Jan- 
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nary  only  tlie  tertian  parasite  could  be  found  during  a  sharp  relapse. 
It  is  of  course  possible  that  mixed  infection  existed  in  this  case,  but 
there  is  no  clear  explanation  of  the  failure  to  find  the  tertian  parasite 
in  August.  Also,  to  reconcile  the  fact  that  the  tertian  parasite  was 
always  found  in  the  above-mentioned  relapses  with  the  theory  of 
immutable  species  requires  considerable  straining  of  the  facts  known 
in  regard  to  the  relative  virulence  of  the  species  and  their  relative 
susceptibility  to  quinine.  It  appears  more  reasonable  to  suppose  that 
under  the  influence  of  cold  weather,  and  gradually  increasing  sys¬ 
temic  resistance,  the  sestivo-autumnal  parasite  was  replaced  by  the 
tertian  in  the  relajises  suffered  by  these  vohmteers.  Or  it  may  be 
suggested  that  the  cold  weather  alone  stamped  out  the  ajstivo-autumnal 
infections,  leaA’ing  only  the  tertian  cases  to  relapse  during  the  winter. 

The  disappearance  of  the  oostivo-autumnal  infections  during  the 
late  autumn  and  winter  recalls  the  fact  that  the  distrilnition  of  the 
types  of  infection  is  determined  by  climatic  conditions,  although,  as 
Laveran  puts  it,  “  if  the  species  are  separate,  there  ought  to  be  geo¬ 
graphical  foci  where  tertian  or  restivo-autumnal  infections  largely 
predominate,  whereas  all  forms  of  malaria  are  commonly  contracted 
wherever  malaria  is  endemic.” 

The  theory  of  “  mixed  infections  ”  also  has  been  made  to  bear  a 
heavy  burden  in  order  to  sujiport  the  belief  in  separate  species.  In 
the  ordinary  type  of  mixed  infection  the  tertian  amoeboid  forms  are 
associated  with  crescents,  but  one  rarely  finds  both  amoeboid  forms, 
with  or  without  crescents,  in  the  same  indiA'idual.  Yet  if  the  patient 
is  susceptible  to  malaria  why  should  he  retain  the  mild  tertian 
amoeba,  while  the  small  malignant  forms  disappear? 

The  lack  of  permanency  deserved  in  the  mixed  infections  is  also 
a  suspicious  feature  of  the  condition.  Two  types  of  parasites  seldom 
remain  long  together  in  the  same  subject,  one  very  shortly  displacing 
the  other,  as  shown  both  by  clinical  observation  and  in  experimental 
infections  (cf.  De  Mattei,  Calandruccio).  As  a  rule,  it  is  the  more 
highly  vegetative  tertian  parasite  which  in  clinical  experience  dis¬ 
places  the  more  malignant  mstivo-autumnal,  but  this  rule  may  be 
reversed  in  experimental  infections.  De  !Mattei  saw  an  old  quartan 
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infection  disappear  after  experimental  infection  by  the  festivo- 
antninnal  parasite,  as  well  as  tlie  disappearance  of  aestivo-autninnal 
i:)arasitcs  after  inoculation  with  quartan.  Gnaldi  and  Antolisei  record 
two  cases  of  quartan  infection  seen  in  May,  which  showed  sestivo- 
autumnal  parasites  in  the  autumn. 

The  frequency  of  mixed  infections  is  undoubtedly  an  argument 
against  the  plurality  of  species,  showing  that  there  is  a  very  close 
connection  between  the  sources  of  the  tertian  and  aestivo-autumnal 
forms  of  parasite.  In  my  preliminary  report  of  the  Montauk  cases 
there  were  noted  12  examples  of  double  infection  out  of  86  tertian 
cases  observed.  By  a  subsequent  rcA’iew  of  a  minority  of  these  speci¬ 
mens  the  numl)er  of  mixed  infections  has  been  nearly  doubled  by  the 
discovery  of  single  crescents  in  tertian  cases,  or  of  single  large  tertian 
organisms  among  many  crescents.  I  believe  that  mixed  infections 
are  much  more  common  in  the  severe  cases  of  the  tropics  than  present 
reports  indicate,  and  that  their  recognition  depends  largely  on  the 
time  one  cares  to  spend  on  the  examination  of  the  blood. 

All  the  above  difficulties  may,  however,  be  adjusted  to  the  theory 
of  a  plurality  of  species,  and  in  the  absence  of  more  definite  knowledge 
of  tlie  extracorporeal  form  and  development  of  the  parasite  it  is 
unlikely  that  the  question  can  bo  settled  on  such  general  eonsidera- 
tions  as  those  adduced. 

Turning  to  the  comparative  morphology  of  the  parasite,  the  evi¬ 
dence  both  for  and  against  the  plurality  of  species  becomes  mueh  more 
specific.  Here  the  pluralist  doctrine  finds  its  chief  support  and, 
whatever  may  be  the  final  outcome  of  the  discussion,  it  cannot  be 
doubted  that  the  three  groups  of  parasites,  quartan,  tertian,  and 
sestivo-autumnal,  exhibit  morphological  characters  which  are  to  a 
large  extent  immutable.  Yet  the  two  widely  different  forms — the 
aestivo-autumnal  rings  and  the  crescents — are  regarded  as  belonging 
to  the  same  species,  and  the  whole  groundwork  of  a  morphological 
classification  is  found  to  be  insecure  on  account  of  the  extreme  poly¬ 
morphism  observed  throughout  the  entire  group  of  protozoa.  Of  this 
a  few  details  may  here  be  briefly  considered. 

One  of  the  most  striking  diirercnces  between  the  tertian  and  the 
aestivo-autumnal  parasites  is  the  dissimilarity  in  the  staining  quality  of 
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their  nuclei.  Methylene  blue  stains  the  nucleus  of  the  young  gestivo- 
autunmal  ring  densely  hut  fails  to  stain  the  nucleus  of  the  tertian  ring. 
This  difference  probably  depends  upon  an  unequal  mixture  of  oxy- 
ehromatin  and  basi-chromatin  in  these  nuclei.  I  cannot  find  that  similar 
differences  are  recognized  in  the  staining  qualities  of  any  two  species 
of  cocf^idia  or  of  gregarines,  hut  somewhat  similar  differences  were  noted 
hetw  .i  different  phases  of  the  same  species  of  coccidia  by  J.  Clarke,  and 
by  Siedlecki. 

The  study  of  flagellated  bodies  in  related  protozoa  may  be  found  to 
hear  on  the  question  of  a  plurality  of  species  of  malarial  parasites.  In 
Coccidinm  oviforme  flagella  have  been  found  to  develop  from  large 
spheroidal  bodies.  This  protozoan  produces  crescents,  hut  these  have 
not  been  traced  through  exflagellation  (Simond).  In  Benedenia  ovata 
flagella  have  been  found  to  develop  from  large  spheroidal  bodies.  This 
protozoan  also  produces  crescents,  hut  these  have  not  been  traced  to  a 
flagellating  stage.  In  Adelea  ovata,  on  the  other  hand,  the  exflagella¬ 
tion  of  crescents  has  been  observed,  hut  large  spheroidal  forms  producing 
crescents  have  not  been  described  (Siedlecki). 

It  would  appear  that  most  coccidia  and  gregarines  produce  flagella 
both  from  large  spheroidal  bodies  and  from  crescentic  forms.  Although 
the  homologues  of  these  forms  in  the  malarial  parasites  are  not  fully  de¬ 
termined,  this  fact,  if  fully  established,  would  strongly  indicate  that  the 
tertian  malarial  parasite  producing  flagella  from  large  spheroidal  bodies, 
and  the  sestivo-autumnal  parasite,  with  flagellating  crescents,  are  phases 
of  one  and  the  same  protozoan. 

It  may  be  claimed  that  if  the  so-called  malarial  species  are  interchange¬ 
able,  transitional  forms  ought  to  be  abundantly  present  in  some  cases, 
but  these  have  not  been  fully  demonstrated.  Yet  it  appears  by  no  means 
certain  that  in  order  to  establish  the  unity  of  the  malarial  parasite  it  is 
necessary  to  assume  the  existence  of  transitional  forms.  In  Benedenia 
oclopiana,  the  formation  of  crescents  is  preceded  by  an  entire  bisexual 
cycle  of  development  in  which  the  male  element  is  furnished  by  large 
spheroidal  flagellate  bodies.  The  intermediate  forms  of  the  two  cycles 
in  this  protozoan  differ  considerably  from  each  other,  there  are  no  transi¬ 
tional  forms  between  them,  and  yet  both  belong  to  the  same  parasite. 

"While  it  is  true  that  no  transitional  forms  between  tlie  sestivo- 
autumnal  and  the  tertian  parasite  and  between  the  tertian  and  the 
quartan  parasites  have  been  fully  described,  there  are  numerous 
observations  indicating  that  such  forms  exist.  The  slight  differences 
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ill  size,  refractive  quality  and  amoeboid  activity  wliicli  led  Marcliia- 
fava  and  Bignami  to  sei^arate  a  quotidian  from  a  tertian  sestivo- 
autumnal  species,  a  position  from  wliicli  they  have  largely  receded, 
have  been  noticed  and  regarded  by  others  as  occasional  differences  in 
the  morphology  of  one  aestivo-autumnal  species  (Ziemann,  Gautier, 
and  others).  ^Alarchoux  claims  to  have  observed  a  gradual  increase 
in  the  size  of  the  a.-stivo-autumnal  parasite  during  the  healthier  sea¬ 
sons  in  Senegal.  AVhen  one  closely  examines  the  parasites  seen  in 
the  average  tertian  case  of  this  climate,  isolated  forms  may  be  found, 
in  greater  or  less  numbers,  ’which  closely  resemble  the  quartan  para¬ 
site.  The  red  cells  are  not  always  swollen  when  infected  by  tertian 
organisms,  and  these  parasites  are  sometimes  compact  and  very  richly 
and  coarsely  pigmented  at  an  early  stage.  Of  the  two  somewhat  dis¬ 
tinct  forms  of  parasites  Avhich  I  find  commonly  enter  into  the  con¬ 
jugating  pairs  of  the  tertian  series,  one  is  compact,  of  rather  small 
size,  and  resembles  the  quartan  parasite  in  some  particulars,  but  the 
infected  cells  are  swollen. 

In  examining  the  blood  of  volunteer  soldiers  avIio  were  suffering 
during  the  past  winter  from  relapses  of  malarial  fever  contracted  in 
Cuba,  I  was  early  struck  with  the  resemblance  which  many  of  the 
young  tertian  parasites  bore  to  the  young  aestivo-autumnal  rings.  In 
some  of  these  cases  the  young  tertian  rings  closely  resembled  the 
young  signet-ring  form  of  the  aestivo-autumnal  parasite,  exhibiting  a 
very  thin  bow  and  a  distinct  circumscribed  swelling  of  one  segment. 
Their  chromatin,  moreover,  was  often  found  subdivided  before  the 
appearance  of  pigment,  although  in  the  vast  majority  of  mild  tertian 
cases  seen  in  Xew  York  City,  the  chromatin  of  tlie  young  tertian 
parasite  is  not  subdivided  till  after  pigment  appears  (cf.  Gautier). 
The  nuclei  of  these  forms  usually  failed  to  stain  with  methylene  blue, 
but  not  a  few  examples  were  found  among  the  young  rings  in  which 
the  chromatin  stained  Avell  with  methylene  blue.  The  usual  swelling 
of  the  infected  cell  was  often  very  slight,  or  sometimes  absent,  in  these 
cases.  It  appeared  quite  jiossible  to  trace  the  development  of  these 
young  rings  up  to  the  larger  amoeboid  stage  when  the  tertian  char¬ 
acteristics  become  distinct.  Xo  crescents  were  found  in  any  of  these 
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Several  explanations  may  be  offered  to  account  for  these  peculiari¬ 
ties.  It  may  be  supposed  that  tlie  young  tertian  rings  do  not  neces¬ 
sarily  differ  from  the  aestivo-autumnal.  This  explanation  I  am 
unable  to  accept,  finding  that  the  tertian  ring,  as  occurring  in  Xew 
York,  invariably  differs  iTom  the  aestivo-autumnal  form  imported 
from  Cuba,  especially  in  regard  to  the  staining  quality  of  its  nucleus 
(see  p.  437).  Or  it  may  be  supposed  that  the  cases  in  question  were 
really  examples  of  mixed  infection.  Yet  the  suspicious  young  rings 
could  be  traced  in  development  to  the  large  tertian  forms,  and  no 
crescents  were  found  in  any  of  these  cases.  Or,  finally,  it  may  be 
supposed  that  the  peculiarities  of  the  young  parasites  in  these  cases 
represented  transitional  phases  between  the  aestivo-autumnal  and  ter¬ 
tian  parasites.  This  explanation  I  am  inclined  to  accept.  The 
observation  of  15  cases  in  which  such  peculiarities  were  noted  is,  how¬ 
ever,  insufficient  to  be  convincing,  and  satisfactory  grounds  for  the 
acceptance  of  such  a  belief  cannot  well  be  furnished  except  by  dem¬ 
onstrating  the  complete  transformation  in  the  same  individual  of  an 
mstivo-aiitumnal  infection  during  the  winter  through  various  transi¬ 
tional  phases  in  the  morphology  of  the  parasite. 

AVhichever  theory  may  finally  be  estaldished  regarding  the  varieties 
of  the  human  malarial  parasite,  the  evidence  would  seem  to  justify  the 
opinion  of  Kruse,  Canalis,  Babes,  Celli,  Danilewsky,  and  others,  who 
regard  the  existence  of  several  species  as  m^t  yet  proven,  and  who  find 
not  only  in  malarial  parasitology',  but  especially  from  comparative 
biology,  that  the  phenomena  of  the  disease  are  more  easily  reconciled 
with  the  existence  of  a  single  polymorphous  species.  Certainly,  in 
many  ways,  the  knowledge  of  the  disease  would  be  furthered  by  ad¬ 
herence  to  the  unicist  theory  as  a  practical  working  basis. 
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I'lc,.  I.  Very  early  form  of  parasite,  showing  elirotintin  Granule,  “milky  zone."  an<l  spheroidal  body. 
Fic.S.  2,  3.  Typical  youno  rint^-shaped  parasites. 

I''l('.s  .p  5.  Subdivision  of  cbromatin,  development  of  body  and  appearance  of  jd^ment  in  later  rinij-forms. 
Kic.  f).  Double  riiij's,  in  single  itarasite. 

Fics.  7,  S.  Tnrban-sbaped  parasite>.  .Seeondary  rings,  eccentric  ])ositi(  n  of  cbromatin. 

I'lc:.  y.  Double  inb'ction  of  cell. 

I'ics.  to,  II.  Complex  amnboid  figures  in  doubly  infected  cells. 

I'li;.  12.  I'ull  grown  form,  with  large  eccentric  nucleu-'. 

b'ics.  13,  I.p  I’rotrusion  of  cbromatin  granules  and  milky  srdistance  in  body  of  full-grown  parasite. 
Tics.  15,  16.  Division  of  cbromatin  grannies  into  groups  in  retieulated  presegmenting  bodies. 

lie.  17. 


Tertian  rosette. 
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Cycles  of  >Esti  vo-aulu  lonnl  Parasite. 

Imc.  I.  \’eiy  younjj  form. 

2.  Infection  of  one  cell  with  seven  youn^  parasites.  (Drawn  from  a  marrow-smear.) 

1m<;.  3.  Triple  infection.  Two  jrarasites  joined  l>y  single  clinnnatin  mass. 

I'l(;.  4.  Double  infection.  Peculiar  rings  with  two  chromatin  grains  at  op|a)..ite  poles, 

fit;.  5.  Double  infection.  Small  ring  adherent  to  cell. 

I'lc.S.  f>,  7.  Signet-ring  forms.  Subdivision  of  chromatin., 

Flc.s.  S,  9.  Later  ring  forms,  with  sub-divided  chromatin  ami  few  jiigment  grains, 

Fl(;s.  10-12.  ihill-grown  forms  with  linelv  sub-diviiled  chromatin  and  gradual  com  entration  of  pigment. 
I'  ics.  13,  14.  Stages  of  [uesegmenting  forms,  with  concentrated  eccentric  pigment. 

I' ic.  15.  Double  infection  with  separate  j  resegmenting  bodies. 

Fk;.  16.  .T.stivo-autumnal  rosette. 

Fics.  17,  iS.  Young  crescent  and  ovoi<l. 

Fli;.  19.  “Pulsating”  cre.scent. 

I' ICS.  20-22.  \'arious  forms  of  crescents. 

Fk;.  23.  Two  bows  about  single  crescent. 

J'H;.  24.  Finely  devidojusl  crescent  ;  two  masses  of  chromatin  ;  achromatic  substance  ;  double 
wreaths  of  pignu-nt. 

I•lc.  25.  Diagrammatic  llagellating  body. 

Fic.  26.  F,,\tra-cellular  sterile  body. 
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Fid.  I.  Very  c.irly  noii-iiiginented  form. 

]''ids.  2,  3,  4.  Small  (|uartan  rings,  with  largo  chromatin  masses  and  ahnndance  of  pigment. 

Fic.  5.  Tnrban-shapod  ring,  with  subdivided  chromatin. 

Fk;.  6.  .Subdivision  of  ring  and  of  chromatin  granules. 

Fk;.  7.  Coarse  i|uartan  ring  with  central  chromatin  granules. 

Fii!.  8.  Full-grown  quartan  parasite,  with  eccentric  chromatin,  hyaline  lx)dy,  and  abundance  of  jiigment. 
Fid.  9.  Kxtra-cellular  reticulated  body, 
h'lds.  10-13.  (fuartan  presegmenting  forms. 

Fid.  14.  (Quartan  rosette. 

Fid.  15.  Pigmented  mononuclear  leucocyte. 
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Con.jugati ng  Cycle  of  Ter-tian  Malar'ial  Parasite. 

Fic.  I.  Single  compact  body  with  double  chromatin  masses. 

I'lc.  2.  Conjugating  rings  of  une<|ual  size. 

Fk;.  3.  liouble  infection  with  a  coarse  ring,  double  chrom.atin  granules,  and  a  thin  ring  form. 

I''i(;s.  4,  5.  Early  stages  of  conjugation  of  a  thin  ring  and  a  compact  body. 

Fk;.  6.  Early  ama'boid  figures  of  conjugating  rings. 

Fk;.  7.  Double  nuclei  in  aimcboid  paW'ite. 

I  I'  Ki.  S.  Union  of  nuclei,  and  subsidence  of  aimcboid  motion  in  older  conjugating  parasites, 

i  FuiS.  9,  to.  Stages  of  union  of  bodies  and  of  three  chromatin  mas.ses,  of  two  conjugating  parasites. 

I  Fk;.  It.  Complete  union  of  bodies  and  nuclei. 

[  Flos.  12,  13.  Comparative  sizes  of  full-grown  forms  developed  with  and  without  conjugation. 
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THE  NERVES  OF  THE  CAPILLARIES,  AVITH  REMARKS 
ON  NERVE-ENDINGS  IN  MUSCLE. 


A  NEW  THEORY  OF  LYMPH-FORMATION  AND  OF  GLANDULAR  SECRETION. 

Bv  CiiH.  SiiiLEK,  Ph.  D.,  M.  D.,  Cleveland,  Ohio. 

Taking  leave  of  the  Johns  Hopkins  University  in  1880,  where  I 
had  spent  three  of  the  most  satisfactory  years  of  my  life,  I  set  myself 
the  task  to  investigate  the  submaxillary  gland  in  order  to  find  the 
terminations  of  the  chorda  tympani.  The  reason  for  this  was  the 
importance  of  that  nerve  to  physiology.  To  those  not  interested 
particularly  in  physiological  questions,  I  may  say  that  the  chorda 
tympani  may  he  looked  upon  as  the  key  to  solve  the  question  of  the 
act  of  glandular  secretion  as  well  as  of  lymph-formation  in  general; 
and  as  the  anatomical  arrangements  of  the  suhmaxillary  gland  and 
its  nerves  are  such  that  physiologists  can  undertake  experiments  on 
these  nerves  with  very  clear  and  lucid  results,  it  is  of  course  very 
desirable  that  it  should  be  clearly  understood  which  tissues  are  really 
influenced  and  made  to  act  when  the  chorda  is  subjected  to  electric 
stimulation. 

As  nineteen  years  have  now  passed  by  since  I  attacked  this  problem, 
and  as  I  have  devoted  all  my  spare  time — so  far  as  original  investiga¬ 
tion  is  concerned — to  this  and  allied  questions,  I  consider  it  not  out  of 
place  to  report  my  results  as  briefiy  as  possible,  particularly  as  my 
investigations  have  brought  out  facts  wdiich  have  not  found  a  place  in 
our  anatomico-physiological  conceptions,  and  as  the  views  which  I 
have  been  forced  to  adopt  are  by  no  means  in  harmony  with  the  his¬ 
tological  and  physiological  teaching  of  the  present  day. 

Of  one  working  on  the  nerve-endings  of  the  chorda,  it  will  very 
properly  be  expected  that  he  make  himself  familiar  with  the  endings 
of  other  motor  nerves,  particularly  those  in  muscle;  and  this  I  have 
done  in  the  hope  of  finding  here  histological  facts  whir-h  would  throw 

some  light  on  the  nerve  supply  of  the  gland.  In  muscle  tissue  we 
34 


404 


The  Nerves  of  the  Capillaries 


find  tliree  kinds  of  nerves:  those  going  to  the  muscle  spindles;  the 
motor  nerves  proper  ending  on  the  muscle  fibre;  and  the  nerves  going 
to  the  capillaries  and  other  blood-vessels.  The  last-mentioned  ones 
interest  us  directly,  the  motor  ones  indirectly,  and  these  will  be 
touched  upon  later.  The  former  can  be  found  by  treating  frog’s 
muscle  according  to  the  aeetic-acid-hsematoxylin  method  which  I  de¬ 
scribed  some  years  ago,^  and  which  is  published  in  Boehm  and  Oppel’s 
handbook." 

Teasing  out  muscular  tissue,  one  finds  among  the  motor  nerve 
fibres  fine  non-medullated  fibres,  which  can  be  traced  to  the  capilla¬ 
ries.  The  nerves  running  alongside  of  the  capillaries  can  also  readily 
be  found  with  medium  powers,  but  these  are  not  the  terminal 
branches.  AVith  the  immersion  lens  there  can  be  seen  attached  to 
the  capillary  wall  some  still  finer  nerve  fibres,  which  pass  off  from  the 
fibres  just  mentioned.  These  also  have  their  nuclei  and  differ  from 
nerves  running  alongside  of  the  capillaries  by  their  small  caliber  and 
their  varicosities.  They  are  so  intimately  attached  that  it  is  not 
easy  to  trace  any  fibre  a  long  distance,  but  their  nuclei  always  reveal 
them. 

Although  L.  Bremer  ®  pointed  out  these  nerves  some  time  ago,  and 
although  his  description  of  them,  so  far  as  their  connection  with  the 
capillary  vessels  and  their  appearance  is  concerned,  agrees  with  my 
own  observation,  these  nerves  have  not  found  a  place  in  our  histo¬ 
logical  reasonings,  and  perhaps  it  is  just  as  well  that  they  have  not — 
at  least  on  the  strength  of  Bremer’s  work,  because  his  other  statements 
about  them  I  consider  erroneous.  Kolliker,  in  his  “  Handbuch  dor 
Gewebolehre  ”  (0th  edition),  in  the  paragraph  on  the  sensory  and 
vascular  nerves  of  muscles,  discusses  these  nerves  in  the  sterno- 
cutanoous  muscle  of  the  frog,  but  adds  that  regarding  their  origin  and 
destination  he  has  not  been  able  to  form  any  definite  opinion.  This 
illustrates  ])erhaps  the  state  of  our  knowledge  about  them.  Bremer, 
it  is  true,  claims  that  they  are  branches  of  the  m.otor  nerves  proper, 

^  Clevchmd  Medical  (J((zette.,  lS!)4-5,  x,  p.  255;  and  Arch.  f.  rhyxiol.,  1895,  p.  202. 
The  method  is  deseribed  also  in  the  Zeitxchr.  f.  wixx.  Zoologie,  1900,  Ixviii,  ]>.  329. 

•■^Boeliin  and  Oppel.  Taschenbueh  der  inikroskopischen  Teclinik.  Munchen,  189(J. 
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but  I  have  always  found  that,  wliere  I  discovered  such  fine  nerve 
fibres  free  amongst  muscle  fibres,  I  could  find  hidden  away,  amongst 
the  motor  fibres,  some  fine  non-medullated  fibrils,  from  which  they 
took  their  origin,  and  I  have  never  seen  them  branch  off  from  a  motor 
nerve,  although  one  can  readily  understand  how  Bremer  came  to  make 
this  statement,  so  deceptive  are  the  appearances  in  many  instances. 

These  nerves,  surrounding  the  capillaries,  come  from  a  special  set 
or  class  of  nerve  fibres,  whose  appearance  would  lead  one  to  consider 
them  as  belonging  to  the  vasomotor  system. 

Further,  in  regard  to  their  connections  in  the  periphery,  I  disagree 
also  with  Bremer,  who  says  that,  aside  from  connection  with  the 
motor  nerves,  they  observe  a  strict  seclusion,  never  leaving  the  vessel. 
Specimens  from  the  frog’s  tongue  show  that  these  nerves  form  con¬ 
nections  with  the  sensory  nerves,  as  the  nerve  fibres  from  the  papillae 
can  be  seen  to  pass  into  the  network  of  nerves  surrounding  the  vessels. 
This  fact  Avould  lead  us  to  think  of  them  as  sensory  nerves. 

Lastly,  if  the  nerves  surrounding  a  capillary  are  traced  towards  the 
centre,  they  can  be  seen  to  pass  into  the  plexus  sixrrounding  the  larger 
vessels.  Very  frequently  two  fibres  ean  be  found  running  on  the 
walls  of  the  capillaries,  and  if  one  compares  the  nerve  supply  of 
striped  muscle  Avith  that  of  the  capillaries  it  can  be  seen  that  the  latter 
are  far  more  richly  supplied  AA’ith  nerves  than  is  striped  muscle. 

Tracing  the  fibres  of  the  chorda  tympani  in  the  submaxillary  gland, 
I  came  to  the  conclusion  that  the  gland  cells  themselves  are  not  sup¬ 
plied  Avith  nerve  fibres,  but  that  the  terminal  fibres  are  found  on  the 
capillary  vessels,  just  as  in  the  case  of  the  capillaries  of  muscular 
tissue,  and  that,  therefore,  those  nerves  of  muscle  Avhich  are  analogous 
to  the  glandular  nerves  are  not  the  motor  nerves  proper,  but  are  those 
going  to  the  capillaries. 

The  important  fact  AAdiich  I  Avish  to  point  out  in  this  connection  is 
that,  inasmuch  as  the  chorda  is  considered  universally  as  a  motor 
nerve,  and  if  I  am  right  in  placing  the  nerve  terminations  of  the 
chorda  on  the  capillaries,  it  Avould  be  established  that  the  capillary 
nerves  are  fed  by  motor  trunks  and  that  their  function  is  of  a  motor 
character. 
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To  sum  up  the  histological  facts,  then,  there  exists  a  vast  peripheral 
network  of  fine  nerves  coextensive  with  the  capillai’ies  of  the  muscles 
and  glands,  which  has  connection  with  sensory  nerves  and  into  which 
motor-nerve  trunks  also  enter,  and  which  I  therefore  look  uj)on  as 
being  sensory  and  motor  at  the  same  time.  Whether  there  is  a  dis¬ 
tinction  here  between  sensory  and  motor  fibres,  or  whether  any  single 
fibre  may  be  both,  does  not  concern  us.  I  have  no  difiiculty  in 
imagining  the  latter  to  be  the  case,  as  every  neurone,  whether  it  be 
called  sensory  or  motor,  both  receives  and  imparts  impressions.  We 
ought  not  without  proof  to  apply  conceptions  pertaining  to  the  well- 
selected  strands  of  fibres  in  the  spinal  cord  to  a  peripheral  plexus 
where  direction  has  little  to  say.  The  existence  of  such  a  plexus 
would  not  support  the  hypothesis  that  the  entire  nervous  system  is 
made  up  of  independent  neurones. 

What  is  the  significance  of  these  nerves  of  the  capillaries,  what  is 
their  function?  Although  I  am  not  so  fortunate  as  to  have  at  my 
command  a  laboratory  in  which  I  could  experiment  on  these  nerves, 
yet  if  we  take  into  consideration  the  histological  facts  together  with 
certain  clinical  observations  and  physiological  experiments  which  have 
been  made  on  these  nerves,  although  without  any  accurate  anatomical 
knowledge  about  them,  we  have,  I  think,  satisfactory  evidence  and 
scientific  support  for  the  hypothesis  which  I  shall  here  state  briefly: 
These  nerves,  so  intimately  connected  with  the  capillaries,  influence 
the  protoplasm  of  their  walls  in  such  a  Avay  that,  according  to  the 
activity  of  the  nerves,  the  transudation  of  lymph  is  increased  or 
diminished.  Further,  they  take  cognizance  of  local  disturbances  of 
a  chemical  or  mechanical  nature,  and  in  response  to  local  causes  of 
irritation  influence  the  capillaries  of  a  part  to  pour  out  more  fluid 
and  act  in  the  interest  of  the  organ  in  question.  As  increase  of 
lymph-formation  and  vasodilatation  must,  in  the  long  run,  go  hand  in 
hand,  it  would  seem  reasonable  to  suppose  that  the  nerve  fibres  going 
from  the  capillaries  to  the  arteries  and  veins  may  exert  an  inhibitory 
influence  on  the  vasoconstrictors,  or  a  stimulating  one  on  the  vaso¬ 
dilators,  whereby  a  larger  supply  of  blood  is  furnished  to  the  irritated 
part. 
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I  will  now  enumerate  the  reasons  which  give  support  to  the 
hypothesis  mentioned.  I  must  premise,  however,  by  way  of  explana¬ 
tion,  that  when  I  speak  of  increased  lymph-production  by  the  capil¬ 
laries,  I  consider  that  this  is  brought  about  not  by  simple  increase  in 
the  caliber  of  the  vessel,  but  by  some  specific  action  of  the  cells  of  the 
capillary  w^all — an  activity  as  specific  for  these  cells  as  contraction-  is 
for  muscular  tissue. 

(1)  The  first  reason  offered  in  support  of  my  hypothesis  is  based 
upon  our  knowledge  of  the  physiological  properties  of  the  capillaries 
as  manifested  in  processes  of  transudation.  Michael  Foster  in  dis¬ 
cussing  the  problem  of  lymph-formation  says  that  ‘‘  the  condition  of 
the  vascular  Avail  so  profoundly  influences  the  transit  of  material  as  to 
render  the  process  very  complex.  AVe  may  probably  regard  it  as  too 
complex  to  be  compared  even  with  filtration  through  a  filter  capable 
of  widely  changing  in  texture  from  time  to  time  and  as  more  nearly 
resembling  the  process  of  secretion.”  Aly  views  are  in  exact  accord¬ 
ance  Avith  these  Avords  of  this  distinguished  physiologist. 

In  the  familiar  facts  of  muscular  contraction  Ave  have  unmistakable 
eA'idence  that  it  is  possible  for  living  tissue  to  experience  the  most 
profound  molecular  changes  through  the  influence  of  nervous  action. 
Why  should  this  not  be  possible  for  other  tissues?  That  very  marked 
changes  can  take  place  in  the  capillary  Avail  is  evident  from  a  consid¬ 
eration  of  AAdiat  occurs  during  glandular  activity  and  during  the 
process  of  inflammation. 

IIoweA^er  glandular  secretion  may  be  broiTght  about,  it  Avould  seem 
impossible  that  the  capillary  Avail  should  be  Avholly  indifferent  Avhile 
the  saliva  and  other  secretions  are  poured  out  from  the  ducts  so 
promptly  and  abundantly.  There  is  sufficient  physiological,  as  well 
as  pathological,  evidence  to  indicate  that  Ave  cannot  look  upon  the 
capillary  Avail  as  containing  physical  pores  open  to  suction  from  the 
gland  cells  and  to  the  direct  action  of  the  blood-pressure.  The  vital 
condition  of  the  capillary  Avail  must  be  different  Avhen  secretion  is 
going  on  from  that  AA’hen  this  is  not  the  case. 

Further,  Avhen  inflammation  exists,  not  only  are  larger  quantities 
of  lymph  exuded  through  the  Avails  of  the  capillaries,  but  even  cor- 
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jDUSCular  elements  find  tlieir  way  tlirougL  these  structures;  and  yet 
after  the  pathological  process  has  run  its  course,  the  capillaries  return 
to  their  original  state,  tlnis  illustrating  what  great  changes  can  take 
place  in  the  cells  of  the  walls  of  the  smallest  blood-vessels. 

(2)  A  second  support  of  the  hypothesis  is  to  be  found  in  the  his¬ 
tological  facts  mentioned — the  enormously  rich  supply  of  nerves  to 
the  capillaries.  These  must  have  their  purpose,  and,  if  my  view 
that  the  chorda  tympani  ends  on  the  capillaries  should  be  confirmeci, 
scarcely  any  further  proof  of  the  hypothesis  would  be  required. 
Although  my  observations  have  been  limited  to  muscular  tissue  and 
the  salivary  glands,  these  two  tissues  are  sufiiciently  representative  to 
make  it  probable  that  the  capillaries  in  other  organs  are  supplied  with 
nerves  of  a  like  character. 

(3)  When  the  chorda  tympani  is  stimulated  the  saliva  appears  in 
Wharton’s  duct  under  a  pressure  which  may  be  greater  than  that  in 
the  carotid  artery;  atropia  stops  the  secretion  even  if,  through  nerve 
stimulation,  the  vessels  remain  dilated;  and  even  after  cutting  off  the 
blood-supply,  saliva  is  said  to  be  secreted. 

To  explain  these  well-known  facts,  simple  vasodilatation  being  in¬ 
sufficient,  phj^siologists  have  called  into  service  the  gland  cells  them¬ 
selves  and  have  ascribed  to  them  nerves  which  are  supposed  to  incite 
the  gland  cells  to  secretion  just  as  stimulation  of  the  motor  nerves 
causes  muscular  contraction.  The  internal  changes,  however,  in 
muscle  during  contraction  are  widely  different  from  those  in  active 
glands,  whose  secretion  is  composed  mostly  of  water. 

Let  us  analyze  this  assumption  of  the  physiologists.  Let  us  assume 
that  the  gland  cells  are  provided  with  nerves  and  that  some  internal 
changes  go  on  in  these  cells  in  consequence  of  their  stimulation.  How 
can  these  changes  influence  the  capillary  wall,  as  no  nerves  pass  from 
the  gland  cell  to  this  wall,  and  as  in  the  capillary  there  are  no  open 
pores  through  which  a  sucking  action  could  be  carried  on?  Upon 
tliis  assumption  I  see  no  other  way  by  which  the  capillary  could  be 
influenced  to  produce  more  lymph  than  by  supposing  that  it  is  sen¬ 
sitive  to  the  state  of  concentration  of  its  surrounding  lymph,  and 
that  greater  concentration  of  this  will  induce  the  capillary  to  pour  out 
more  fluid. 
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I'o  my  mind  the  gland  cells  are  not  constructed  to  furnish  large 
quantities  of  fluid,  they  are  not  in  immediate  contact  with  the  source 
of  supply,  while  the  capillary  cell,  with  its  flat  surface  and  thin  walls, 
continually  bathed  with  serum  on  its  inner  surface,  would  seem  to 
be  made  for  such  a  purpose.  I  cannot  understand  why  gland  cells 
should  haA’e  their  own  nerves,  while  an  independent  action  of  these 
cells  manifested  in  the  formation  of  chemical  substances,  without 
the  production  of  fluid  to  wash  away  and  dissolve  them,  would  be  of 
no  use  to  the  organism.  On  the  contrary,  I  can  see  that,  if  provision 
were  made  to  have  large  quantities  of  lymph  poured  out  over  the 
gland  cells,  that  this  influence  would  act  as  a  sufficient  stimulation  to 
the  gland  cell  to  transform  some  of  its  reserve  material  into  soluble 
matter  and  to  push  on  the  fluid  received  from  the  capillaries.  As  the 
water  in  glandnlar  secretions  is  to  be  accounted  for  as  well  as  the 
dissolved  substances,  as  a  scpai’ate  nerve  supply  to  the  gland  cells 
seems  to  be  physiologically  unnecessary,  and  as  I  have  satisfied  myself 
of  the  existence,  both  in  musciilar  tissue  and  in  the  salivary  glands,  of 
a  rich  supply  of  nerves  to  the  capillaries,  I  cannot  without  better 
evidence  than  we  now  possess  admit  the  reasoning  of  the  physiologists 
on  this  subject  as  sound. 

(4)  The  fourth  point  relates  to  the  results  of  experiments  on  the 
branch  of  the  chorda  going  to  the  tongue.  The  chorda  tympani 
coming  from  the  skull  divides  into  two  parts,  one  going  to  the  sub¬ 
maxillary  gland,  the  other  to  the  tongue. 

In  Cohidieim’s  “  Pathology,”  *  OstroumofT’s  experiment  is  men¬ 
tioned  and  discussed,  and  as  I  consider  it  important  and  interesting,  I 
shall  introduce  it  here: 

“  If,”  Colinheini  says,  “  the  peripheral  stump  of  the  dog’s  cut  lingual 
nerve  is  stimulated  for  a  period  of  time  induction  currents  of  in¬ 
creasing  strength,  the  rapidly  forming  intense  hyperacmia  of  the  corre¬ 
sponding  half  of  the  tongue  is  accompanied  by  a  pronounced  oedema, 
which,  in  about  ten  minutes  after  the  beginning  of  the  stimulation,  is 
evident  to  the  naked  eye,  and  in  the  next  ten  minutes  increases  uninter¬ 
ruptedly  to  a  very  considerable  size.  This  very  remarkable  experiment. 


■»  Vorlesungen  fiber  allijem.  Pathologie,  Bd.  i,  p.  134.  Berlin,  1882. 
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about  which  I  have  been  kindly  informed  by  M.  Ostroumoff,  is  indeed 
calcnlated  to  raise  doubts  whether  all  congestions,  however  brought  about, 
are  of  equal  significance  so  far  as  lymph-formation  is  concerned,  and  the 
more  so  as  there  are  certain  observations  on  man,  for  example,  the  rapid 
formation  of  urticaria  wheals,  due  to  undoubted  nervous  influence, 
which  point  only  too  clearly  to  the  existence  of  intimate  relations  between 
the  formation  of  lymph  and  the  innervation  of  vessels.”  (The  italics  are 
my  own.) 

We  have  evidence,  then,  that  stimulation  of  the  branch  of  tlie 
chorda  going  to  the  submaxillary  gland  results  in  the  production  of 
fluid  contained  in  Wharton’s  duct  and  that  stimulation  of  the  branch 
of  the  chorda  going  to  the  tongue  likewise  produces  fluid,  which  is 
here  contained  in  the  lymph  spaces  of  the  tongue.  Now  it  might  be 
expected  that  the  formation  of  lymph  by  the  different  branches  of  the 
same  nerve,  called  forth  by  the  same  agency,  would  be  explained  on 
similar  physiological  principles  as  brought  about  by  similar  histological 
elements.  But  no;  in  the  case  of  the  gland,  while  the  vessels  are 
allowed  to  supply  the  organ  with  more  blood,  the  gland  cells  are 
summoned  in  order  to  explain  the  occurrence  of  the  fluid  in  the  duct; 
while  in  the  case  of  the  tongue  an  ill-defined  vasomotor  action  has  to 
account  for  the  accumulation  of  fluid  in  the  lymph  spaces. 

If  it  is  considered  possible  that,  in  conseqiience  of  the  stimulation 
of  gland  cells  by  hypothetical  nerves,  these  cells  can  not  only  form 
mucus,  but  produce  from  somewhere  large  quantities  of  fluids,  why, 
I  would  ask,  may  it  not  be  assumed  that  nerves  that  can  he  demon¬ 
strated  can  incite  the  cells  of  the  capillary  walls  to  increased  transuda¬ 
tion  of  lymph,  which  passing  to  the  gland  cells  will  induce  them  to 
add  their  chemical  product  to  it,  while  retaining  the  albuminous 
matter,  and  to  pass  both  fluid  and  product  on  into  the  ducts.  This 
hypothesis  demands  no  new  conceptions,  but  merely  a  transference 
of  accepted  physiological  doctrines  from  the  gland  cells  and  their 
problematical  nerves  to  the  cells  of  the  capillaries  and  their  demon¬ 
strated  nerves.  Ostroumoff’s  experiment  on  the  chorda  branch  going 
to  the  tongue  demonstrates  plainly  that  the  increased  flow  of  fluid 
from  the  vessels  into  the  tissues  can  be  accounted  for  without  assum¬ 
ing  the  participation  of  gland  cells. 
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(5)  Eurtlier  support  for  tlie  views  here  advocated  can  be  found  in 
experiments  made  by  Rogowicz  °  under  Heidenhain’s  direction  to 
clear  up  the  connection  between  vasodilatation  and  lymph-formation. 
He  shows  by  actual  measurements  that  all  forms  of  dilatation  are 
followed  by  an  increased  flow  of  lymph.  This  fact  does  not  interest 
us  here  particularly,  as  this  increase  might  be  explained  simply  by  the 
larger  blood-supply  to  the  part.  Another  experiment,  however, 
which  he  instituted  in  order  to  get  an  insight  into  the  promptness  with 
which  an  increase  in  lymph-transudation  is  brought  about  by  stimula¬ 
tion  of  the  chorda  of  the  tongue,  is  of  more  interest  to  us.  “  While,” 
says  Rogowicz,  ‘‘  the  lingualis  was  being  stimulated,  a  saturated  solu¬ 
tion  of  sulph-indigo-carmine  was  injected  into  the  saphenous  vein. 
The  aspect  of  the  tongue  under  these  circumstances  is  most  remark¬ 
able,  while  the  circulation  of  the  blood  on  the  side  of  the  tongue  not 
stimulated  is  yet  in  a  normal  condition.  The  half  of  the  tongue  cor¬ 
responding  to  the  stimulated  lingual  nerve  takes  on  a  deep  blue  color 
in  a  very  short  time,  and  that,  too,  at  a  point  of  time  when  the  other 
side  presents  only  a  pale  blue  hue.  If  the  injection  is  now  discon¬ 
tinued  this  difference  in  coloring  will  continue  for  quite  a  while.  It 
depends  on  a  more  rapid  filtration  of  lymph  into  the  tissues  of  the 
stimulated  half  of  the  tongue.”  Rogowicz  then  explains  that  the  blue 
color  is  not  due  to  the  coloration  of  the  blood,  which  remains  red,  but 
that  the  coloring  matter  is  in  the  connective-tissue  spaces  throughout 
the  tongue,  as  can  be  seen  in  transvei*se  section  through  the  hardened 
tissue.  This  very  prompt  and  enei’getic  lymph-formation  could 
hardly  be  explained  by  simple  dilatation  of  the  arteides. 

Of  further  importance  to  us  here  are  other  facts  brought  out  in  the 
course  of  these  experiments.  Rogowicz  found  that  after  injection  of 
curare  the  production  of  lymph  may  be  increased  three  to  four  times, 
without  any  apparent  increase  of  the  blood-supply,  as,  for  example, 
from  35  cc.  to  115  cc.,  and  from  81  cc.  to  240  cc.  AVc  thus  see  that 
with  a  stationary  blood-supply  lymph-formation  can  be  increased. 
On  the  other  hand,  the  experiments  on  the  submaxillary  gland  have 
shown  that  atropia  will  prevent  the  formation  of  lymph  even  if  A’aso- 
dilatation  is  brotight  about  by  nervous  influence. 


5  Pfliister’s  Archiv,  1SS.5,  xxxvi,  p.  2.52. 
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(6)  Heidenliain  ®  in  liis  researclies  on  tlie  psendomotor  contraction 
of  the  tongue  has  made  some  observations  which  speak  strongly  in 
favor  of  the  view  defended  in  this  paper.  Searching  for  the  cause  of 
the  contraction  of  the  tongue,  the  muscle  fibres  of  which  had  been 
made  hyperaesthetic  through  section  of  the  hypoglossal  nerve  some 
days  previously,  he  found  that  stimulation  of  the  chorda,  which  under 
these  conditions  causes  contraction  of  the  lingual  muscles,  was  always 
followed  by  hyperaemia  of  the  tongue.  ITeidenhain’s  surmise  that  the 
immediate  stimulus  to  the  muscle  contraction  is  an  increased  fiow  of 
lymph  was  supported  by  the  subsequent  experiments  of  Tlogowicz 
made  iinder  his  direction.  Under  the  conditions  here  present  even 
physiological  salt  solution,  towards  which  normal  muscle  is  indifferent, 
will  produce  active  muscular  contractions. 

The  two  facts,  however,  which  are  of  most  importance  to  us  are 
that,  Avhen  Heidenliain  had  clamped  the  arteries  supplying  the  tongue, 
stimulation  of  the  chorda  still  produced  contractions,  though  of 
diminished  force,  as  might  be  expected,  and  only  for  a  short  time; 
and  that  these  contractions  would  take  place  upon  stimulation  of  the 
chorda  before  any  visible  hyperemia,  indicating  a  pouring  out  of 
lymph  from  the  capillaries,  had  set  in.  Heidenliain  says  in  closing 
the  discussion: 

“After  these  observations  it  does  not  seem  improbable  that  a  rapid 
increase  in  the  amount  of  fluid  saturating  the  tongue  may  be  looked 
upon  as  the  cause  of  the  contractions  of  the  paralyzed  muscle.  But  I 
must  lay  particular  stress  on  the  point,  that  I  have  not  offered  convincing 
proof  for  this  assumption.  .  .  .  Above  all,  the  evidence  is  lacking  that 
even  after  interruption  of  the  circulation  in  the  tongue  stimulation  of 
the  chorda  can  produce  a  transudation  of  lymph.” 

llegarding  this  last  statement,  it  seems  to  me  that  the  occurrence 
of  muscular  contractions  due  to  stimulation  of  the  chorda  furnishes  the 
evidence  for  lymph-formation  through  action  of  the  cajiillaries  them¬ 
selves.  AVhen  the  arteries  are  clamped,  the  chorda  can  influence 
nothing  else  but  the  capillaries,  and  as  it  has  been  shown,  on  the  one 

^  Arch.  f.  P/iyxio/o/y/e,  Suppl.-Bd.,  1883,  p.  133,  aucl  Rogowicz,  Pflii, iter’s  .Iff/nl',  1885, 
xxxvi,  p.  1. 
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hand,  that  lymph-formation  can  be  induced  without  increase  of 
blood-supply ;  and,  on  the  other  hand,  that  these  degenerating  muscles 
of  the  tongue  respond  even  to  such  feeble  stimulation  as  injections  of 
normal  salt,  it  seems  justifiable  to  regard  these  contractions  as  an 
evidence  for  lymph-transudation  brought  about  by  activity  of  the 
capillaries. 

At  any  rate,  the  proof  for  this  function  of  the  capillaries  is  a  good 
deal  stronger  than  that  now  considered  sufficient  to  explain  the  pro¬ 
duction  of  the  watery  parts  of  the  saliva  by  action  of  the  gland  cells 
and  their  hypothetical  nerves.  When  the  high  pressure  in  Wharton’s 
duct,  the  action  of  atropia,  the  secretion  of  saliva  after  severance  of 
the  head,  are  adduced  to  demonstrate  the  activity  of  the  gland  cells, 
it  must  not  be  forgotten  that  not  only  the  gland  cells  and  their 
hypothetical  nerves,  but  also  the  capillaries  and  their  real  nerves, 
should  be  taken  into  account  as  factors  in  the  phenomena.  In  the 
case,  however,  of  these  contractions  of  degenerating  muscles  in  the 
tongue,  ufith  arteries  clamped  and  chorda  stimulated,  we  have  to  do 
solely  with  the  capillaries  and  their  nerves.  We  can  exclude  every¬ 
thing  else.  1^0  one  has  ever  separated  under  analogous  circumstances 
the  gland  cells  in  order  to  see  what  function  they  can  then  perform. 

(7)  Attention  may  be  called  also  to  injuries  of  the  cornea  by  a 
foreign  body  or  other  irritant,  as  throwing  light  on  the  character  of 
our  nerves.  When  the  fundamental  experiment  of  Cohnheim  is  car¬ 
ried  out  on  the  mesentery  and  the  changes  in  the  capillary  walls  are 
observed,  these  are  at  present  usually  explained  by  the  injury  directly 
inflicted  on  the  capillaries.  But  when  a  piece  of  steel  in  the  centre 
of  the  cornea  sets  up  not  only  a  violent  injection  of  the  conjunctival 
vessels,  but  also  an  increased  flow  of  lymph  and  an  emigration  of  white 
corpuscles,  we  cannot  explain  these  phenomena  by  a  direct  injury  to 
the  vessels.  If,  as  generally  believed,  a  change  in  the  walls  of  the 
capillaries  is  necessary  to  explain  the  emigration  of  white  blood- 
corpuscles  in  inflammation,  then  we  have  here  an  illustration  of  the 
influence  of  sensory  nerves  upon  the  nerves  of  the  capillaries,  and  not 
solely  such  an  influence  upon  those  of  the  arteries  and  veins. 

(8)  Heidenhain,  who  is  the  main  authority  for  the  prevailing 
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theory  of  secretion,  wliich  imposes  upon  the  gland  cells  the  function 
of  drawing  the  necessary  amount  of  fluid  from  the  blood,  and  passing 
it  into  the  duct,  points  out  an  apparently  very  serious  objection  to  this 
theory  in  the  oedema  which  takes  place  when,  the  ducts  of  the  sub¬ 
maxillary  being  tied,  the  chorda  is  stimulated.  He  says:  ’ 

“  This  phenomenon  seemed  to  be  irreconcilable  with  any  form  of 
attraction-hypothesis,  and  to  be  in  favor  of  a  propelling  force  for  the 
stream  of  fluid,  a  force  independent  of  the  gland  cells  and  set  into 
action  by  nervous  influence.  But  there  is  one  explanation  which  had 
previously  escaped  me  in  spite  of  all  my  efforts  to  find  one.  As  soon 
as  fhe  oedema  begins  to  develop  the  tension  of  the  connective-tissue  cap¬ 
sule  surrounding  the  gland  increases  to  a  high  degree,  which  must  have 
the  effect  of  compressing  the  veins  which  pass  through  the  capsule.  Thus 
the  artificial  filtration-oedema  causes,  through  the  difficulty  it  establishes 
for  the  escape  of  blood  from  the  gland,  an  oedema  due  to  passive  venous 
congestion  (Stauungsodem),  which  becomes  greater  as  the  stimulation 
of  the  chorda  increases  the  blood-pressure  in  the  capillaries.” 

As  bearing  upon  Heidenhain’s  explanation,  the  followung  questions 
seem  pertinent: 

(a)  How  is  that  part  of  the  oedema  explained  which  sets  up  such  a 
very  marked  tension  in  the  capsule  that  it  shuts  off  the  circulation? 
"Would  not  this  interfere  with  the  whole  process  of  secretion  when 
little  or  no  fresh  blood  can  pass  through  the  gland? 

(&)  What  evidence  is  there  for  such  constriction  of  the  veins? 

(c)  Would  not  the  gland  cells,  as  soon  as  they  found  an  impedi¬ 
ment  to  the  passing  on  of  the  ^vater  which  they  had  taken  out  of  the 
blood  current,  cease  their  activity,  so  that  such  an  oedema  would  not 
take  place? 

(d)  Would  it  not  be  more  satisfactory  to  explain  this  oedema  in  the 
gland  in  the  same  way  as  Cohnheim  and  Ostroumoff  explained  the 
oedema  of  the  tongue  after  stimulation  of  the  chorda  branch,  wdiere 
there  is  no  impediment  to  the  outflow  of  blood  through  the  veins? 

Heidenhain  and  other  physiologists  have,  so  far  as  I  am  aumre, 
never  considered  nor  mentioned  the  theory  ■which  •we  propose,  and  I 
think  for  several  reasons: 


''Hermann’s  Ilandb.  d.  Physiolofrie,  Bd.  v,  Theil  1,  p.  77.  Leipzig,  1883. 
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First.  Physiologists  have  been  so  impressed  with  the  analogy  of 
glandular  secretion  to  muscular  contraction  that  they  have  assumed 
without  sufficient  evidence  that  motor  nerves  of  glands  exist  and  excite 
the  gland  cells  to  activity. 

Second.  It  has  not  heretofore  been  established  that  the  capillaries 
are  richly  supplied  with  nerves  and  that  these  are  of  a  motor  character. 

Third.  In  speaking  of  vasomotor  activity,  the  functions  of  the 
larger  A^essels  and  those  of  the  capillaries  have  not  been  clearly  dis¬ 
tinguished  from  each  other. 

While  the  facts  and  arguments  which  I  have  thus  far  considered 
seem  to  me  to  speak  strongly  for  an  independent  activity  of  the 
capillaries  under  the  control  of  the  nervous  system,  the  decisive  point 
to  be  established  is  whether  the  chorda  terminates  in  the  submaxillary 
gland  on  the  capillaries  and  not  in  the  gland  cells.  The  establish¬ 
ment  of  this  point  would  outweigh  in  importance  all  of  the  other  con¬ 
siderations  adduced,  as  the  chorda  tympani  is  acknowledged  to  possess 
motor  characters.  It  is,  therefore,  important  to  give  shortly  some 
reasons  why  I  believe  that  the  chorda  tympani  terminates  on  the 
capillaries. 

In  this  connection,  as  will  appear,  a  true  knowledge  of  the  motor 
nerve  endings  in  muscle  is  of  importance.  The  present  teaching  about 
motor  endings  in  muscle  is  that  the  end  fibrils  penetrate  the  sarco- 
lemma  and  as  naked  end-fibrils  come  into  contact  with  the  muscle 
substance.  My  investigations  have  led  me  to  a  different  conclusion. 
I  find  that  the  motor  endings  remain  on  the  outside  of  the  sarcolemma, 
and,  except  at  the  siirfaces,  where  muscle  and  nerve  come  into  contact, 
are  covered  with  the  strong  sheath  of  Schwann  which  has  its  own 
miclei.  What  may  be  the  exact  condition  of  things  at  the  points  where 
muscle  and  nerve  fibre  are  in  actual  contact — whether  the  sarcolemma 
and  neurilemma  are  wanting  there,  or  perforations  exist,  or  whether 
electrical  phenomena  observed  in  nervous  activity  can  he  used  to 
explain  the  processes  going  on  there — I  cannot  say.  The  precise 
relation  of  muscle  to  nerve  here  is  an  unsolved  and  diffictilt  histological 
problem. 

It  would  lead  too  far  to  present  here  in  full  the  evidence  in  support 
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of  my  views  concerning  these  nerve-endings.  Much  of  it  I  have 
brought  forward  in  other  papers/  hut  a  few  points  maj"^  he  here  ad¬ 
duced,  The  important  fact  is  that  these  motor  endings  have  their  own 
nuclei.  Formerly  these  nuclei  gave  no  trouble  to  the  advocates  of 
the  so-called  hypolemmal  theory,  as  one  could  consider  them  as  be¬ 
longing  to  the  axis  cylinder.  But  now  when  we  know  that  the  axis 
C3dinder  is  a  process  of  a  cell  in  the  brain,  spinal  cord  or  one  of  the 
ganglia,  and  that  this  process  possesses  no  nuclei  of  its  own,  we  must 
ascribe  the  nuclei  in  the  nerve-endings  in  muscle  to  the  sheath  of 
Schwann,  and  why  should  we  not?  They  agree  in  appearance  with  the 
nuclei  of  other  fine  nerves,  where  there  is  no  question  but  that  the 
nuclei  belong  to  the  sheath  of  Schwann.  But  if  this  sheath  is  con¬ 
tinued  over  the  end  fibrils,  its  presence  would  prevent  direct  contact 
between  nerve  substance  and  muscle,  even  if  the  endings  were  placed 
beneath  the  sarcolemma. 

Lately,  it  is  true,  Huber  and  De  Witt  ®  have  announced  that  these 
end  fibrils  are  devoid  of  nuclei,  although  Kuline  and  Tvolliker  have 
described  them.  The  advocates  of  the  hypolemmal  theory  should 
rejoice  at  this  discovery,  inasmuch  as  the  presence  of  these  nuclei 
would  deal  the  death-blow  to  that  theory.  I  cannot  here  enter  into 
a  criticism  of  this  observation  of  Huber  and  De  Witt,  and  will  only 
say  that  I  have  seen  these  nuclei  attached  to  the  end  fibrils  in  hun¬ 
dreds  of  perfect  specimens  and  that  I  consider  the  evidence  advanced 
by  these  investigators  as  inconclusive  and  their  methods  as  inadequate 
to  settle  this  point. 

Further  evidence  for  the  epilemmal  position  of  the  end  fibrils  is 
furnished  by  a  class  of  nerve  endings  in  the  frog’s  muscle,  not  de¬ 
scribed  in  the  text-books.  Here  we  find  not  only  the  form  described 
in  the  text-books,  b^it  also  a  variety  of  other  endings.  There  are 
terminal  branches  of  non-medullated  nerve  fibres,  which,  after  attach¬ 
ing  themselves  to  a  muscular  fibre  for  a  little  distance,  form  an  arch 
quite  free  from  the  fibre,  again  come  into  contact  with  the  muscle  and 
then,  perhaps,  form  a  second  arch,  and  so  on.  The  nuclei  may  be  found 

^ArcJi.  f.  niikr.  Anal.,  1S!I5,  xlvi,  p.  709;  1900,  Ivi,  p.  .334,  and  Zeituchr.  f.  rvis.^. 
Zoolof/ie,  1900,  Ixviii,  p.  333. 
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as  well  on  the  free  arch  as  on  the  attached  portion  of  the  nerve  fibre. 
There  are  other  forms  where  tliese  arches  grow  smaller,  but  the  fes¬ 
tooned  arrangement  can  still  be  recognized.  ll7ow  these  arches,  whether 
large  or  small,  show  clearly  where  the  end  fibre  is  situated,  for  it  is 
impossible  to  place  them  under  the  sarcolemma,  and  it  would  be  an 
unwarrantable  assumption  to  suppose  that  in  one  case  the  nuclei  and 
end  fibrils  are  above  the  sarcolemma,  and  in  the  other  under  it.  The 
forms  with  small  arches  have  been  misunderstood  both  by  Kiiline  and 
by  Bremer.  Ivilhne  described  them  as  artefacts  due  to  the  gold 
method,  and  at  the  same  time  inconsistently  spoke  of  them  as  a 
special  class  of  atypical  endings  occurring  more  frequently  in  certain 
parts  of  the  body  than  elsewhere. 

The  hypolemmal  theory  was  announced  many  years  ago  when  the 
methods  were  very  imperfect,  althoiigh  they  yielded  valuable  results. 
I  would  here  point  out  that  a  figure  in  Strieker’s  Handbook,*'*  which 
has  been  copied  into  many  text-books,  is  erroneously  interpreted. 
The  nuclei  which  are  ascribed  to  the  sheath  of  Schwann  are  really 
those  of  Henle’s  sheath,  so  that  according  to  this  figure  Henle’s  sheath 
is  made  to  pass  with  the  terminal  fibres  through  the  sarcolemma.  If 
the  methods  of  that  day  failed  to  distinguish  such  an  important  point 
as  this,  is  it  likely  that  they  sufficed  to  determine  such  a  delicate  and 
subtle  matter  as  the  precise  relation  of  the  end  fibrils  to  the  sarco¬ 
lemma?  It  is  true  that  Kiihne  says  that  in  profile  views  the  passing 
of  the  sheath  of  Schwann  into  the  sarcolemma  can  be  observed  with¬ 
out  difficulty,  but  I  have  examined  hundreds  of  good  specimens 
and  have  never  been  able  to  convince  myself  of  this,  while,  on  the 
contrary,  I  have  seen  many  facts  inconsistent  with  this  view.  I  have 
shown  in  recent  papers**  that  in  the  frog  and  in  the  small  muscle 
fibres  of  the  snake  Ilenle’s  sheath  is  open  at  the  end,  thus  allowing 
the  cerebrospinal  fluid  to  escape,  and  that  in  other  animals  this  sheath 
extends  over  the  end  fibres  and  assists  in  forming  Ivlihne’s  “  Sohlen- 
substanz.” 

These  ivy-like  forms  of  nerve-ending  in  the  frog  further  show 

Strieker’s  TIandb.  cl.  Lehre  von.  d.  Geweben,  Bd.  i,  p.  154,  Fifj.  35.  Leipzif;,  1871. 

".Irc/t.  /.  mikr.  Aunt.,  1000,  Ivi,  p.  350,  and  Zcituchr.  f.  triss.  Zoolofjie,  I'.lOO,  Ixviii, 
p.  323. 
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that  nerve  fibres  may  influence  muscle  not  only  at  the  places  where 
they  actiTally  terminate,  but  also  at  places  where  they  merely  come 
into  contact  with  the  muscle,  the  fibre  itself  passing  on  to  a  second 
muscle  fibre  and  so  on.  This  view  of  the  motor  nerve-endings  in 
striped  muscle  is  of  general  importance,  as  it  indicates  that  in  other 
situations  cells  may  be  influenced  by  similar  contact  with  nerves 
without  the  presence  of  naked  end  fibrils.  I  therefore  consider  the 
plexus  of  fine  nerves  found  in  smooth  muscle  and  built  like  certain 
motor  endings  in  striped  muscle,  as  the  ‘‘  nerve-endings  ”  of  this  class 
of  muscle,  and  consider  it  futile  to  look  for  a  nerve-ending  for  each 
plain  muscle-fibre  cell. 

To  return  to  the  submaxillary  gland,  I  consider  that  there  are 
sufficient  analogies  to  justify  my  interpretation  of  the  nerves  which 
I  have  found  there  in  connection  with  the  capillaries,  as  the  termina¬ 
tions  in  this  organ  of  the  chorda  tympani,  for  there  is  agreement  in 
histological  details  between  these  nerves  and  nerve  terminations  in 
plain  and  striped  muscle,  as  well  as  the  nerves  of  the  capillaries  in 
muscle.  If  one  stains  with  Beale’s  carmine  a  small  but  sufficiently 
large  piece  of  the  gland  to  contain  all  the  structures,  and  presses  it  out 
carefully,  among  the  various  nuclei  four  kinds  can  be  distinguished: 
those  of  the  gland  cells,  those  of  endothelial  cells  of  the  capsule,  those 
belonging  to  the  capillaries,  and  other  nuclei  just  outside  of  the  capil¬ 
laries;  these  last  are  the  nuclei  of  the  nerve  fibres  clinging  to  the 
capillary  wall.  While  I  am  able  to  demonstrate  nerves  going  to  the 
capillaries,  I  have  failed  to  find  nerves  going  to  the  gland  cells.  I  am 
aware  that  Dogiel,^*  Huber  and  others  have  reported  finding  nerve 
endings  on  the  cells  of  certain  glands,  as  the  lachrymal  and  submaxil¬ 
lary.  The  correct  interpretation,  however,  of  the  pictures  presented 
in  specimens  treated  by  the  methods  employed  by  these  observers 
seems  to  me  to  be  still  doubtful,  and  in  view  of  my  negative  results 
on  this  point  I  am  not  prepared  to  accept  their  conclusions. 

Since  my  first  publication,  over  fifteen  years  ago,  on  the  structure 
and  nerves  of  the  submaxillary  gland,  and  of  muscle,’*  the  conclusions 

^'^ArcJi.  f.  niikr.  Aunt.,  1803,  xiii,  p.  032. 

Journal  of  Experimental  Medieine,  1890,  i,  p.  281. 

>■*  Studies  from  tlie  Uioloirical  Laboratory  of  the  Jolms  Hopkins  University,  1884, 
iii,  p.  1.5.5.  Cleveland  Medieal  Gazette,  188.5-0,  i,  p.  193. 
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then  formed  have  been  confirmed  by  the  application  of  my  new 
method  which  shows  that  the  nerve  supply  of  the  capillaries  is  rich 
enough  to  he  looked  upon  as  the  termination  of  the  chorda.  Still 
further  confirmation  of  my  views  has  been  afforded  by  study  of  the 
capillaries  of  muscle.  At  that  time  I  advanced  the  theory  of  the 
independent  activity  of  the  capillary  wall  and  its  importance  in  the 
production  of  lymph,  and  suggested  that  these  real  nerves  explain 
all  the  experimental  facts  fully  as  well  as  do  the  hypothetical  ones  on 
the  gland  cells. 

Although  I  have  never  seen  the  theory  which  I  propose  in  this 
paper  offered  before,  it  seems  to  have  been  foreshadowed  by  Cohn- 
heim,  as  will  appear  from  the  following  extracts  from  his  “Pathology.” 
I  have  italicized  certain  passages  to  which  I  wish  to  call  special  atten¬ 
tion.  Discussing  the  theory  of  inflammation,  Cohnheim”  says: 

“  But  if  it  is  impossible  at  the  present  clay  to  give  a  more  accurate  defi¬ 
nition  of  this  alteration  [that  in  the  walls  of  the  blood-vessels  during 
inflammation]  no  blame  can  be  attached  to  us,  the  pathologists,  on 
account  of  the  obscurity  in  which  even  the  normal  process  of  trans¬ 
udation  is  at  present  involved.  Nobody  can  assign  the  cause  for  the 
different  chemical  composition  of  the  transudates  in  the  different  regions 
of  the  body;  nobody  knows  with  certainty  on  what  condition  it  depends, 
that  the  vessels  of  the  pleura  and  pericardium  secrete  a  transudate  which 
is  so  much  more  concentrated  than  that  of  the  vessels  which  furnish  the 
cerebrospinal  fluid.  Every  day  some  new,  astonishing  evidence  pre¬ 
sents  itself  showing,  on  the  one  hand,  what  an  important  influence  the 
walls  of  the  blood-vessels  exert  on  the  vital  functions  and,  on  the  other, 
how  energetically  they  react  to  all  sorts  of  injuries.  That  through  their 
activity  the  caliber  of  the  vessels  can  be  increased  or  diminished  is  a 
well-known  fact,  and  has  been  taken  into  account  both  by  physiologists 
and  pathologists.  But  since  it  has  been  shown  in  Ludwig’s  laboratory  that 
curarized  animals  ]iroduce  lymph  of  higher  concentration  than  the 
normal,  does  not  this  fact  point  to  relations  of  a  quite  different  character 
between  the  vasetdar  walls  and  the  hlood-current?  If  the  skin  of  a  dog 
assumes  a  red  color  after  an  injection  of  curare  into  a  vein,  we  are  not 
very  much  astonished,  as  we  are  accustomed  to  ascribe  to  curare  a  para¬ 
lyzing  or  a  stimulating  influence  on  the  vascular  nerves.  Through  this 

>5  Op.  cit.,  i,  p.  283. 
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well-known  action,  curare  cannot,  however,  exert  an  influence  on  trans¬ 
udation;  but  why  should  it  not  be  able  to  act  on  other  constituents  of  the 
vascular  wall  than  solely  the  nerves  of  the  muscle-flbres  ?  Why  not 
directly  on  those  that  are  instrumental  in  the  process  of  transudation, 
even  if  these  are  as  yet  unlcnown  to  us?  It  is  possible  that  nerves  come 
into  play  here  or  that  nerves  can  exert  at  least  an  important  influence  on 
the  process  of  transudation,  as  has  been  long  established  for  a  number  of 
secretions  and  recently  also  for  the  blood-vessels  of  the  tongue  by 
Ostroumoff’s  experiment.  Further  striking  evidence  for  the  view  that 
the  nervous  system  can  influence  the  qualities  of  the  vascular  walls  in  a 
quite  different  way  than  by  simply  acting  on  their  contractility  is  fur¬ 
nished  by  the  rapid  onset  of  oedema  in  the  paralyzed  extremities,  repeat¬ 
edly  observed  in  cases  of  acute  myelitis,  and  also  by  Gergens’  demonstra¬ 
tion  that  the  blood-vessels  of  frogs  whose  spinal  cord  has  been  destroyed, 
allow  much  larger  quantities  of  fluids  and  even  pigment  granules  to  pass 
through  their  walls  than  is  the  case  with  frogs  with  normal  medulla. 
Who  woidd  venture  to  decide  in  the  present  day  whether  or  not  such 
specific  nervous  arrangements  situated  in  the  vascular  walls  themselves 
come  into  play  also  in  the  process  of  inflammation?  ” 

It  is  evident  from  this  quotation  that  Cohnheiin  recognized  the  in¬ 
adequacy  of  limiting  the  influence  of  nerves  upon  blood-vessels  merely 
to  an  effect  upon  the  caliber  of  the  vessels,  and  that  he  brought  for¬ 
ward  strong  arguments  for  the  vie^v  that  the  nerves  must  be  capable 
of  exerting  also  other  influences  upon  the  vascular  walls,  especially  in 
the  production  of  lymph  and  in  inflammatory  processes.  I  have, 
therefore,  great  satisfaction  in  having  pointed  out,  and,  I  hope,  cor¬ 
rectly  described  those  nerves  ■which  Cohnheim  saw  with  his  mental 
vision,  and  I  think  I  may  say,  without  assuming  too  much,  that, 
rightly  interpreted,  there  is  here  entire  harmony  between  physio¬ 
logical  theory  and  anatomical  facts. 

It  maj'’  have  occurred  to  the  reader  that  in  these  nerves  we  have 
at  last  found  the  nerves  of  nutrition,  'which  have  always  very  properly 
been  bo\ved  out  of  the  front  door  by  the  theoretical  men  and  just  as 
often  been  called  in  at  the  back  door  by  the  practical  men,  but  I 
cannot  on  this  occasion  follow  up  this  theme  farther. 

I  regret  that  in  the  absence  of  the  requisite  laboratory  facilities  I 
have  been  unable  to  perform  certain  physiological  experiments  bear- 
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ing  on  the  questions  discussed.  I  should  especially  like  to  repeat  the 
experiments  on  the  chorda  of  the  tongne  of  dogs  anaesthetized  by 
water  pressure  on  the  brain  by  Kemp’s  method,  so  that  no  drugs 
would  have  touched  the  peripheral  nerves.  I  would  then  try  the 
action  of  atropia  on  the  nerves  of  the  tongue  and  see  if  the  forma¬ 
tion  of  the  oedema  could  be  thereby  prevented,  as  is  the  secretion  by 
its  action  on  the  nerves  of  the  submaxillary  gland.  If  that  should  be 
the  case  we  would  have  further  proof  of  the  correctness  of  onr  theory. 

I  need  hardly  say  in  conclusion  that  I  am  well  aware  of  the  conflict 
between  the  views  here  presented  and  the  current  teaching  in  text¬ 
books,  as  well  as  the  results  reached  by  many  eminent  investigators. 
I  am  glad,  however,  to  find  my  conclusions  so  largely  in  accord  with 
the  opinions  of  Kolliker  and  of  Cohnheim. 

In  justice  to  myself,  I  wish  to  say  that  I  am  still  open  to  convic¬ 
tion  regarding  the  existence  of  nerves  going  to  the  gland  cells.  But 
regarding  the  formation  of  lymph  and  the  regulation  of  its  flow,  it 
seems  to  me  that  the  histological  and  physiological  conditions  for  this 
function  must  exist,  and  be  about  the  same,  all  over  the  body. 

CONCLUSIONS. 

1.  The  endings  of  the  motor  nerves  in  striped  muscle  remain  on 
the  outside  of  the  sarcolemma.  Aside  from  the  surfaces  of  contact 
of  muscle  and  nerve  fibre,  the  end  fibres  arc  covered  down  to  their 
tips  with  the  sheath  of  Schwann  and  are  provided  with  nuclei.  The 
precise  condition  of  things  at  the  places  of  contact  of  muscle  and 
nerve  is  an  unsolved  problem  of  histology. 

2.  The  ivy-like  or  festooned  arrangement  of  motor  nerves  in  the 
frog’s  muscle  has  been  misinterpreted.  Properly  interpreted  it  dem¬ 
onstrates  that  the  nerve  fibres  that  are  to  influence  the  muscle  fibre 
are  not  naked  and  that  they  need  not  be  end  fibres.  It  shows  that 
mere  contact  between  muscle  fibre  and  nerve  fibre  is  all  that  is 
necessary. 

3.  The  sheath  of  Henle  in  the  frog  and  in  the  smaller  muscle  fibres 
of  the  snake  is  open,  thus  permitting  escape  of  the  cerebrospinal  fluid. 

4.  In  other  animals  Ilenle’s  sheath  extends  over  the  end  fibres  of  the 
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motor  nerve  and  tlie  cells  lining  it  envelop  the  end  fibrils.  I  find 
that  the  so-called  “  Sohlensubstanz  ”  of  Kiiline  is  derived  from  the 
cells  of  Henle’s  sheath. 

5.  The  terminal  nerves  in  smooth  muscle  form  a  network  entwining 
the  bundles  of  muscle  fibres.  I  consider  it  improbable  that  each  plain 
muscle  fibre  has  a  special  terminal  nerve  fibril. 

6.  In  muscular  tissue  fine  non-medullated  nerves,  probably  belong¬ 
ing  to  the  centrifugal,  vasomotor  system,  proceed  from  the  fasciculi  of 
motor  nerves.  These  nerves  can  be  traced  directly  to  a  network  of 
nerves  surrounding  the  capillaries.  From  this  network  fine, 
nucleated,  nerve  fibres  pass  to  the  walls  of  the  capillaries,  with  which 
they  are  very  closely  united. 

7.  The  nerves  supplying  the  capillaries  connect  also  with  sensory 
nerves  and  with  nerves  surrounding  the  larger  blood-vessels,  both 
arteries  and  veins. 

8.  The  branches  of  the  chorda  tjunpani  in  the  submaxillary  gland 
do  not  pass  to  the  gland  cells,  but  they  terminate  on  the  capillaries. 

9.  In  muscular  and  glandular  tissues — and  perhaps  tliroughout  the 
body — there  is  a  vast  peripheral  nervous  plexus  belonging  to  the 
capillary  blood-vessels.  These  nerves  of  the  capillaries,  which  may 
perhaps  be  regarded  as  nutritive  nerves,  regulate  the  production  and 
transudation  of  lymph,  and  are  concerned  in  the  mechanism  of  glandu¬ 
lar  secretion.  They  may  be  called  into  activity  both  by  peripheral 
influences  and  by  impulses  received  from  the  central  nervous  system 
and  the  sympathetic  ganglia.  They  may  influence,  through  their 
connections  with  the  vasomotor  nerves  on  the  arteries  and  veins,  the 
blood  supply  to  a  part. 


THE  IXFLUENCE  OF  BILE  ON  METABOLISM  * 


By  ELLIOTT  P.  JOSLIN. 

(From  the  Laboratory  of  Experimental  Pharmacology  and  Therapeutica  of  the  Harvard 

Medical  School  and  the  Chemical  Laboratory  of  the  Massachusetts  General  Hospital.) 

The  influence  of  the  bile  on  metabolism  has  been  studied  heretofore 
by  observing  the  changes  which  have  occurred  when  the  bile  was 
excluded  from  the  intestinal  tract.  This  paper  deals  with  the  results 
obtained  by  the  administration  of  bile  by  the  mouth.  The  incentive 
to  this  work  came  from  my  friend  Dr.  Eranz  Pfaff,  to  whose  unvary¬ 
ing  interest  and  encouragement  this  paper  is  chiefly  due.  In  an 
article  by  Pfafl  and  Balch/  entitled  “  An  Experimental  Investigation 
of  Some  of  the  Conditions  Influencing  the  Secretion  and  Composition 
of  Human  Bile,”  it  was  shown  that  human  bile,  ox  bile  and  bile  salts, 
when  given  to  a  patient  with  complete  biliary  flstula,  had  a  marked 
cholagogic  action.  Their  experiment  extended  over  a  period  of 
ninety-seven  days,  and  represents  the  most  complete  study  of  the 
human  biliary  secretion  which  has  yet  been  made.  During  this  inves¬ 
tigation  it  was  observed  that  while  the  patient  was  taking  bile  in  one 
form  or  another  the  appetite  improved,  the  bowels  moved  without 
medication,  and  the  stools  diminished  in  bulk,  but  increased  in  con¬ 
sistency  and  color. 

The  article  above  mentioned  closes  with  the  following  paragraph: 
“  For  the  present  we  will  only  say  that  bile  may  be  useful  in  those 
cases  where  so-called  cholagogues  are  now  prescribed,  as  well  as  in 
certain  cases  of  constipation,  and  possibly  in  cases  where  we  wish  to 
increase  the  absorption  of  fat.” 

The  subject  ^  of  my  experiment  was  a  married  woman,  fifty-four 

*  A  report  of  work  clone  under  the  provisions  of  tlie  second  Dalton  Scholarship  at 
the  Massachusetts  General  Hospital  for  the  years  1898-189!). 

'  The  .Tournal  of  Experimental  Jfedicine,  18!t7,  ii,  p.  49. 

2  The  patient  was  in  tlie  services  of  Dr.  IT.  II.  A.  Beach  and  Dr.  Maurice  II.  Rich¬ 
ardson  at  tlie  Massacliusetts  General  Hospital,  and  the  oi)eration  was  performed  by 
Dr.  S.  J.  IMixter.  To  all  these  gentlemen  I  am  greatly  indebted  for  the  privilege  of 
conducting  tliese  investigations. 
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years  of  age,  who  entered  the  Massachusetts  General  Hospital  Sep¬ 
tember  26,  1898.  Her  family  and  personal  history  were  good  and 
she  was  the  mother  of  twelve  healthy  children.  During  the  last  three 
years  she  had  suffered  from  attacks  of  gall-stones,  and  on  this  account 
came  to  the  hospital  for  operation.  This  was  performed  on  Septem¬ 
ber  29.  The  patient’s  condition  became  so  critical  while  upon  the 
operating-table  that  the  gall-bladder  alone  was  emptied  of  stones  and 
a  biliary  fistula  made,  the  duct  being  left  untouched. 

After  the  operation  the  discharge  of  bile  from  the  wound  was  con¬ 
stant,  the  stools  remained  colorless,  and  repeated  tests  failed  to  show 
the  presence  in  them  of  bile  acids.  It  was  during  the  convalescence 
between  December  20  and  31  that  the  following  investigations  were 
made. 

The  experiment  was  divided  into  three  periods,  similar  in  all  re¬ 
spects  save  that  in  the  middle  period  the  patient  received  thirty 
grammes  of  dried  ox  bile.  The  beginning  and  the  end  of  the  experi¬ 
ment,  as  well  as  the  different  periods,  were  marked  off  by  the  patient’s 
taking  the  charcoal  mixture  recommended  by  F.  Muller.®  In  each 
instance  the  change  in  the  period  was  definitely  shown  by  the  dark 
color  of  the  stools.  The  bowels  showed  no  tendency  at  any  time  to 
constipation  or  diarrhoea.  During  these  twelve  days  the  patient 
passed  about  two-thirds  of  the  twenty-four  hours  in  bed,  and  for  the 
remainder  of  the  day  was  up  and  about  her  room. 

All  of  tlie  food  which  the  patient  ate  was  prepared  and  weighed  in 
the  laboratory.  The  diet  consisted  essentially  of  bread  and  butter, 
thin  cream,  eggs,  sugar  and  beef.  The  percentage  of  nitrogen  and  of 
fat  was  determined  in  each  article  of  food,  double  analyses  being  made 
daily  in  the  case  of  the  cream. 

The  urine  was  collected  dailj^  and  the  amount  and  specific  gravity 
noted.  The  nitrogen  in  5  cc.  from  the  twenty-four  hours’  amount  was 
determined  by  the  Kjeldahl  method,  and  the  urea  with  Squibb’s 
ajDparatus,  control  analyses  being  made  in  both  cases.  The  stools  for 
each  period,  with  the  wash-water  made  use  of  in  cleaning  the  utensils, 
were  made  slightly  acid  with  a  few  drops  of  concentrated  sulphuric 


^Untersucliungen  iiber  Icterus.  Zeitxchr.  f.  klin.  Midinn,  18S7,  xii,  p.  45. 
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acid,  and  were  tlien  evaporated  over  the  water-bath,  special  care  being 
taken  to  stir  them  thoroughly  and  frequently.  The  stools  did  not 
become  solid  while  over  the  water-bath,  hut  on  removal  from  the  same 
assumed  a  firm  consistency,  though  not  sufficiently  so  to  allow  of 
reduction  to  a  powder.  They  were  then  weighed,  and  the  total  per¬ 
centage  of  fat  determined  by  double  analyses. 

The  fat  w'as  first  extracted  with  ether  alone.  The  residue  was  then 
stirred  in  a  porcelain  dish  with  an  8  per  cent  alcoholic  solution  of 
hydrochloric  acid  and  the  mixture  slowly  evaporated  to  dryness.  This 
residue  was  then  ground  up  with  sand,  placed  in  a  fat-extraction 
thimble  and  extracted  again.  It  was  found  simpler  to  extract  the 
fat  in  two  stages  owing  to  the  large  amount  of  fat  present  in  the  stools. 

The  bile  was  collected  at  six-hour  intervals  and  the  amount,  specific 
gravity  and  the  percentage  of  solids  in  the  twenty-four  hours’  amount 
determined.  The  fistula  caused  much  annoyance,  as  it  did  not  admit 
of  the  satisfactory  use  of  any  cannula.  The  house  officer.  Dr.  Le- 
Compte,  tried  many  devices,  hut  it  was  impossible  to  prevent  leakage. 
On  this  account  that  portion  of  the  bile  which  was  not  collected  in  the 
flask  worn  by  the  patient  was  caught  in  the  dressings,  which  were 
arranged  for  this  purpose,  and  was  subsequently  extracted  from  them 
with  water.  This  watery  extract  was  then  filtered,  and  the  filtrate 
evaporated  to  constant  weight.  As  the  percentage  of  solids  in  the 
bile  each  day  had  been  calculated,  the  amount  of  bile  absorbed  in  the 
dressings  was  easily  estimated.  That  the  method  was  sufficiently 
accurate  is  shown  by  a  comparison  of  the  total  amount  of  bile  in  the 
first  and  third  periods.  In  these  the  amounts  of  bile  are  seen  to  he 
nearly  the  same,  in  spite  of  the  fact  that  in  the  first  period  there  was 
no  leakage  from  the  cannula,  while  in  the  third  period  only  half  the 
total  quantity  was  collected  through  the  cannula,  the  remainder  being 
caught  in  the  dressings. 

Bile  was  given  to  the  patient  in  the  second  period  in  the  form  of 
bile  pills;  each  pill  representing  0.25  gramme  dried  ox  bile.  To 
render  these  less  liable  to  change  in  the  stomach  they  were  coated 
with  salol — 4  grammes  to  the  100  pills.  Of  these  the  patient  took  30 
daily,  a  total  of  120  in  four  days,  or  30  grammes  ox  bile  and  about  5 
grammes  salol. 
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Three  months  after  the  conclusion  of  this  experiment  the  patient 
was  operated  upon  again  by  Dr.  Mixter,  The  common  duct  was 
found  to  be  occluded  with  gall-stones  of  soft  consistency.  These  were 
removed  through  an  incision  in  the  duct,  and  its  complete  patency  into 
the  duodenum  once  more  established.  The  fistula  ceased  to  discharge 
and  the  patient  recovered.  The  patient  then  underw’ent  another 
metabolism  experiment  of  three  days’  duration,  for  the  determination 
of  her  digestion  under  normal  conditions  of  bile-secretion. 

The  following  tables  give  the  results  of  these  two  experiments  and 
require  no  explanation. 

Table  I  gives  the  ingesta  of  the  patient  during  the  first  period,  be¬ 
fore  bile  was  given. 

Table  II  gives  the  ingesta  of  the  patient  during  the  second  period, 
diTi’ing  which  bile  was  taken  by  the  mouth. 

Table  III  gives  the  ingesta  again  without  bile  medication. 

Table  IV  gives  the  total  quantity  of  bile  and  bile-solids  collected 
during  the  three  different  periods. 

Table  V  gives  the  excreta  of  the  three  periods. 

Table  VI  gives  the  ingesta  in  the  experiment  after  the  operation 
by  means  of  which  free  communication  through  the  bile-duct  between 
the  liver  and  duodenum  was  once  more  established. 

Table  VII  gives  the  excreta  in  the  experiment  after  the  operation. 


TABLE  I. — Ingesta.  1st  Period.  Before  Bile  Medication. 


Wgt.  C.5.3  kilog. 

Dec.  30-33, 

1898. 

Substance. 

Amount. 

Nitro>?en. 

Fat. 

Carbohydrates. 

Bread . 

.  .503 

8.0 

3.7 

335 

Milk . 

.  3030 

10.3 

395.9 

143 

Sugar . 

. .  300 

300 

Oatmeal  . . . 

.  34 

0.5 

16 

Tapioca. . . . 

.  30 

22 

Eggs . 

.  340 

7.0 

43.0 

II  am . 

.  .50 

3.3 

4.0 

Butter . 

. .  1.58 

130.7 

Cod  Fish. . . 

.  .53 

3.8 

0.8 

Roast  Beef . 

.  04 

3.1 

8.9 

Apple  Sauce 

.  054 

0.3 

1.57 

40.3 

401.6 

963 
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Analyses  of  Ingesta  taken  during  First  Period. 


Bread .  1.5329  g.  contained  0.0207  g.  Nitrogen  or  1.36^ 

1.9333  g.  “  0.0200  g.  “  “  1.35  Average  1.355^ 

Fat  reckoned  at  0.46  Carbohydrates  reckoned  at  56.58  ^ 

Milk .  2930  cc.  in  four  days. 

Fat.  Nitrogen. 

Dec.  20 _  910  cc.  11.144<^  11.084^  0..5264^ 

Dec.  31 _  490  cc.  8.340  0..5573 

Dec.  32 _  800  cc.  11.000  10.854  0..5656  0.5796 

Dec.  23 _  740  cc.  9.104  9.116  0.5573  0.5.573 

Alilk  Sugar  was  reckoned  at  4.88^ 

Oat  Meal .  3.4686  g.  contained  0.0504  g.  Nitrogen  or  3.04 

3.3086  “  0.0466  “  “  3.01  Av.  2.035  ^ 

Carbohydrates  reckoned  at  64.73  Konig’s  Tables. 

Tapioca .  Nitrogen  neglected.  Carbohydrates  reckoned  at  84.83  Konlg. 

3.8813  g.  contained  0.0014  g.  Nitrogen  or  0.036^ 

4.1760  “  0.0015  “  “  0.037  Av.  0.365 

Eggs .  Nitrogen  reckoned  at  3.01  Kiinig. 

Fat  “  “  13.11  “ 

Ham .  14.073  g.  contained  1.3434  g.  Fat  or  9.15  ^ 

Nitrogen  reckoned  at  4.63  See  2d  Period. 

Butter .  3.6446  g.  contained  3.1900  g.  Fat  or  87.53^ 

3.87.56  “  3.4.540  “  8.5.37  Av.  86.45  ^ 

Cod  Fish .  6.8507  g.  contained  0.1073  g.  Fat  or  1.56^ 

13.3573  “  0.17.50  “  1.43  Av.  1.49<^ 

2.4837  “  0.1305  Nitrogen  or  5.35 

3.6775  “  0.1394  “  "  “5.30  Av.  .5.23^ 

Roast  Beef .  38.0  g.  contained  3.5796  g.  Fat  or  9.4 

Nitrogen  reckoned  at  3.35% 

Ajiple  Sauce _ 6.54  g.  made  up  of  83  g.  sugar  and  571  g.  apples.  Carbohydrates 

in  latter  reckoned  at  13.03  % .  KOnig.  Nitrogen  0.058%.  Konig. 


In  addition  to  the  above  articles  of  food,  one  orange  and  a  small  amount  of  lettuce 
or  celery  and  a  cup  of  tea  and  cotfee  were  given  daily ;  also  about  75  cc.  of  sherry  in 
each  of  the  three  periods. 


TABLE  II. — Ingesta.  3d  Period.  During  Bile  Medication.  Dec.  34-37,  1898. 


Substance. 

Amount. 

Nitroi?en. 

Fat. 

Curbohs’di-ates. 

Bread . 

.  473 

6.4 

3.1 

367 

Milk . 

.  3575 

19.3 

3.55.8 

174 

Sugar  . 

.  341 

341 

Oatmeal . 

68 

1.4 

44 

Tapioca . 

31 

36 

Eggs . 

.  560 

11.3 

67.8 

Ham  . 

.  39 

2.6 

1.6 

Butter . 

.  114 

98.6 

Cod  Fish . 

43 

o  o 

0.6 

Apple  Sauce. . . . 

.  404 

0.3 

97 

Hamburg  Steak. 

.  180 

6.0 

10.4 

Bile . 

30 

0.5 

49.9 

.536.9 

949 
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Analyses  op  Ingesta  taken  ddking  2d  Period. 


For  analyses  of  bread,  oatmeal,  tapioca,  eggs,  butter,  cod  fisb,  and  apple  sauce, 
see  1st  Period. 


Dec. 

24 

1090  cc. 

Fat. 

10.020%  9.922% 

Nitrogen. 

Dec. 

25 

865 

9.518 

9.. 528 

0..5488 

Dec. 

26 

790 

11.166 

11.216 

0.5166 

Dec. 

27 

830 

9.080 

9.324 

0.5320 

3575  cc. 

Milk  Sugar  reckoned  at  4.88 

Ham .  13.323  g.  contained  0.5334  g.  Fat  or  4.0  % 

3.002  g.  “  0.1693  g.  Nitrogen  or  4.62^ 

HamburgSteak.  43  g.  taken  for  anaiysis;  dried  to  12.3934 g.  for  analysis.  5.0414  g. 

contained  1.0682  g.  Fat  or  21.69^  or  0. 25^5  of  undried  steak. 
3.8780  contained  0.7096  g.  Fat  or  18.30?^  or  5.27  %  of  undried  steak. 
Average  %  of  Fat  =  5.76  %  . 

1.5856  contained  0.1847  g.  or  11.05^  Nitrogen  or  3.36%  of  undried 
steak. 

Bile . 009  g.  Nitrogen  in  2  pills.  In  120  or  30  g.,  0.54  g. 


TABLE  III. — Ingesta.  3d  Period.  After  Bile  Medication.  Dec.  28-31. 


Substance.  Amount.  Nitrogen.  Fat.  Carbohydrates. 

Bread .  346  4.7  1.6  196 

Milk .  2240  11.4  224.9  109 

Sugar .  463  463 

Oatmeal .  27  0.5  17 

Eggs .  504  10.1  61.0 

Butter .  96  83.0 

HamburgSteak _  81  2.7  4.7 

Steak .  2.54  9.0  25.1 


38.4  400.3  785 


Analyses  of  Ingesta  taken  during  3d  Period. 

For  analyses  of  bread,  oatmeal,  tapioca,  eggs,  butter  and  Hamburg  steak,  see  1st 
and  2d  Periods. 


Milk. 

Amount. 

Fat. 

Nitrogen. 

Dec.  28. . 

. .  460  cc. 

9.004% 

8.960%  0.5320% 

Dec.  29  . 

, .  520 

9.764 

9.752 

Dec.  30. . 

. .  630 

11.490 

11.536  0.5348 

Dec.  31. . 

..  630 

9.890 

9.8.56  0.4504 

2240  cc. 

Steak. 

Dec.  29. 

...  88  g. 

26  g.  contained 

1.9621  g.  Fat  or  7..55% 

Dec.  30. . 

. . .  SO  g. 

33  “ 

5.1058  “  1.5.65 

Dec.  31. 

. . .  86  g. 

3.6753  “ 

0.7792  “  21.20  equiv 

6.37  %  undried  steak. 

3.0106 

0.7362  “  24.45  “ 

7.34% 

undried  steak. 

Average 

6.86  % 

1.7232  contained  0.2015  Nitrogen  or  11.69% 

equiv.  to  3.51  % 

it  “ 

1.4864  “ 

0.17.56  “  “11.81% 

equiv.  to  3. 55% 

“  “ 

Average 

3.53% 
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TABLE  IV. — Excketion  of  Bile  in  the  three  Periods. 


Period. 

I.  Before  Bile 

Cannula. 

Extracted  from 
Dressings. 

Total. 

%  Solids. 

Total 

Solids. 

Medication, 

22.50 

0 

2250 

1.37 

30.83 

II.  During  Bile 

Medication, 

1420 

1070* 

2508 

1.70 

42.64 

III.  After  Bile 

Medication, 

1173 

751* 

1924 

1.42 

27.32 

*  The  dressings  were  extracted  several  times  with  water  untii  ali  trace  of  bile  was 
removed.  The  extracts  were  then  Altered  and  the  filtrates  evaporated  and  dried  to 
constant  weight.  In  Period  II  the  dried  bile-solids  thus  obtained  were  18.381'.)  g. 
But  the  per  cent  of  solids  of  the  bile  obtained  in  this  period  by  the  cannula  was 
1.70%.  .  .  1.70  :  100  : ;  18.381'J  :  x  =  equivalent  amount  of  bile  obtained  by  extraction, 
i.  e.,  1070  cc.  In  Period  III  the  dried  bile  solids  obtained  from  the  dressings 
amounted  to  10.0772  g. —  equivalent  to  7.51  cc. 


TABLE  V. — Excreta.  1st,  2d,  and  3d  Periods. 


URINE. 


Amount. 

Sp.  Gr. 

Urea. 

Nitrogen. 

I. 

Before  Bile  Medication,  Dec.  21 

510 

1020 

14.6 

8.1 

Dec.  22 

400 

1024 

10.1 

5.6 

Dec.  23 

460 

1024 

12.7 

7.2 

Dec.  24 

630 

1018 

13.5 

.50.9 

7.6  28.5 

2000 

II. 

During  Bile  Medication,  Dec.  25 

1224 

1000 

14.6 

7.3 

Dec.  26 

840 

1016 

18.2 

0.4 

Dec.  27 

700 

1017 

1,3.7 

7.7 

Dec.  28 

670 

1022 

14.9 

61.4 

9.3  33.7 

3434 

III. 

After  Bile  Medication,  Dec.  20 

670 

1021 

1.5.2 

10.1 

Dec.  30 

6.50 

1018 

17.2 

9.5 

Dec.  31 

650 

1018 

17.2 

0.5 

Jan.  1 

270 

1020 

7.2 

56.8 

3.8  32.9 

2240 

STOOLS. 

Amount. 

Nitrogen. 

Fat. 

I. 

Before  Bile  Medication, 

423 

1.7'.)-7.6% 

73.3-310% 

II. 

During  Bile  Medication, 

208 

1.10-3.5 

71.8-214 

III. 

After  Bile  Medication, 

200 

1.51-4.4 

78.1-226 

Analyses  of  the  Excreta  of  the  three  Periods. 

1st  Period.  Stools.  423  g.  contained  310  g.  Fat  and  7.0  g.  Nitrogen. 

5.0070  g.  contained  3.70.34  g.  Fat  or  72.00% 

3.3047  “  2.4884  “  73.00  Average  73.31% 

2. .5002  “  0.0456  Nitrogen  or  1.70 

3.2571  “  0.0588  “  1.81  “  1.79 
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2d  Period.  Stools.  298  g.  contained  214  g.  Fat  and  3.5  g.  Nitrogen. 
3.73.52  g.  contained  2.7154  g.  Fat  or  72.095^ 

5.0952  “  3.6166  “  70.98  Average  71.84^ 

3.4.500  “  0.0396  Nitrogen  or  1.15 

3.1200  “  0.0382  “  1.23  “  1.19 

3d  Period.  Stools.  290  g.  contained  226  g.  Fat  and  4.4  g.  Nitrogen. 
4.6836  g.  contained  3.5994  g.  Fat  or  76.85^ 

4.2176  “  3.3432  “  79.27  Average  78.06^ 

2.3090  “  0.0344  Nitrogen  or  1.49 

2.4306  “  0.0372  “  1.53  “  1.51 

SOMMAKY  OF  TUB  FlUST  ExpEKIMENT. 

Fat  Nitroj^en  Pile  Balance 


I. 

Before  Bile 

Ingesta 

Excreta 

fteces. 

Ingostii 

,  Excreta 
fivces. 

Solids.  E.xcreta  Nitrogen, 
urine  and 
stool. 

Medication. 

491.6 

310  or  63.1^ 

39.9 

7.6  or  19^ 

30.83 

36.1 

-f- 

3.9 

II. 

During  Bile 
Medication. 

537.1 

214  or  39.8 

49.7 

3.5  or  7 

43.64 

37.2 

+ 

12.6 

III. 

After  Bile 

Medication. 

400.3 

226  or  56.5 

38.4 

4.4  or  11.5 

27.32 

37. 3 

-h 

1.1 

Tile  digestion  of  fat  was  respectively  23.3  per  cent  and  16.7  per 
cent  better  in  the  bile  period  than  in  the  1st  and  3d  periods,  in  which 
no  bile  was  given. 

The  digestion  of  nitrogenous  food  was  respectively  12  per  cent  and 
4.5  per  cent  better  in  the  bile  period  than  in  the  other  periods. 

The  bile-solids  ivere  increased  in  the  bile  period  38  per  cent  and  60 
per  cent  respectively  above  the  amounts  in  the  1st  and  3d  periods. 
The  excess  of  bile-solids  in  this  period  was  equivalent  to  nearly  one- 
half  the  amount  of  bile  given  during  this  time. 


TABLE  VI. — Ingesta  in  the  Expeuisient  afteu  the  Opeuation. 
Weight  65.1  kilog.  May  20-24,  1899. 


Substance.  Amount.  Nitrogen.  Fat.  Carbohydrates. 

Bread .  423  5.8  1.9  239 

Milk .  2470  12.1  194.6  120 

Sugar .  363  363 

Oatmeal .  58  1.2  38 

Tapioca .  18  15 

Eggs .  707  14.2  85.6 

Butter .  73  61.7 

Beef  Steak .  147  4.9  16.9 

Chicken .  188  10.7  8.6 

Potato .  229  0.5  44 


49.4 


369.3 


819 
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Analyses  of  Ingesta  taken  during  the  Experiment  after  the  Operation. 
For  bread,  oatmeal,  tapioca,  and  eggs,  see  analyses  1st  Period.  Experiment  1. 


Miik .  FAT.  NITROGEN. 

May  2 _ 810  cc.  8.2.5^  8.38%  0.4662% 

May  3 -  900  7.43  7.3.5  0.5166 

May  4 _  760  7.96  8.03  0.4914 

Butter .  2.3100  g.  contained  1.9.524  g.  Eat  or  84.5% 

1.9780  “  1.6714  “  84.4  Average  84.45 

Beefsteak .  5.6178  g.  “  0.6450  g.  “  11.48 

Nitrogen  reckoned  at  3.36% — amount  obtained  at  a  subsequent  anaiysis. 
Chicken .  3.2096  g.  contained  0.1616  g.  Fat  or  5.03% 


1.8238  “  0.1050  “  5.75  Average  5.39% 

3.1382  “  0.1770  Nitrogen  or  5.63 

2.9700  “  0.1711  “  .5.75  “  .5.69 

84  g.  of  first  portion  of  chicken  given. 


Chicken .  2d  Portion  104  g.  Nitrogen  reckoned  at  5.69  %  as  in  1st  Portion. 

2.4930  g.  contained  0.0864  g.  Fat  or  3.46% 

3.8758  “  0.1386  “  3.57  Av.  3.52% 

Potato . 37.8  g.  “  0.2630  g.  Carbohydrates  or  19.0  % 


37.6  “  0.2616  “  “  19.1  “  1905 

8.0  “  0.0172  Nitrogen  or  0.215 

8.0  “  0.0168  “  “  0.21  “  0.21 


TABLE  VII. — Excreta  during  the  Experiment  after  the  Operation. 


URINE. 


Amount. 

Sp.  Gr. 

Urea. 

Nitrogen. 

May  3 . 

.  400 

1032 

8.8 

5.2 

May  4 . 

.  1070 

1017 

23.2 

11. S 

Mav  5 . 

....  975 

1017 

19.4 

8.4 

2445 

51.4 

25.4 

STOOLS. 

Amount. 

Nitrogen. 

Fat. 

145 

5.9  g.  or  4.1% 

54.8  g.  or  37.8% 

Analyses  of  Excreta  during  the  Experiment  after  the  Operation. 

STOOLS. 

145  g.  contained  54.8  g.  Fat  and  5.9  g.  Nitrogen. 

4.9832  “  1.9020  g.  Fat  or  38.1%  Average 

5.8335  “  2.1826  “  37.4  37.8% 

1.4572  “  0.0596  Nitrogen  or  4.1  Average 

2.3556  0.0952  “  4.1  4.1% 

Summary  of  the  Experiment  after  the  Operation. 

FAT.  NITROGEN. 


Ingesta. 
369.3  g. 


Excreta. 

54.8  g.  or  14.8% 


Ingesta. 
49.4  g. 


E.xcreta. 

5.9  g.  or  11.9% 
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sum:mary  of  the  two  experiments. 


Per  cent,  of 
ingested  fat  lost 

Per  cent,  of 
ingested  nitrogen 

Bile 

Urine 

in  stools. 

lost  in  stools. 

solids. 

per  day. 

I.  Before  Bile 

Medication, 

m.Xifo 

19.05S 

30.83  g. 

500  cc. 

II.  During  Bile 

^Medication, 

39.8 

7.0 

43.64  g. 

859  cc. 

III.  After  Bile 

Medication, 

.50.5 

11.5 

27.33  g. 

500  cc. 

After  operation. 

14.8 

11.1) 

815  cc. 

Four  other  experiments  were  also  performed — one  on  a  human  being 
and  three  on  dogs  with  biliary  fistulse.  Since  these  failed  to  be  satis¬ 
factory  in  all  particulars,  only  a  brief  resume  of  this  part  of  the  work 
M’ill  be  given. 

Experiment  1  was  performed  upon  a  healthy  woman,  October  4-16, 
1897.  She  was  given  in  the  second  period  of  four  days  30  grammes  of 
dried  ox  bile.  Notwithstanding  the  fact  that  the  amount  of  fat  in  the 
food  reached  nearly  300  grammes  a  day,  it  was  so  well  assimilated  that 
it  left  no  appreciable  chance  for  improvement  in  its  absorption  during 
the  bile  period. 

Experiment  3  was  performed  on  a  dog  February  5-35,  1898.  The 
common  duct  was  ligated  in  two  places  and  severed.  The  gall-bladder 
was  then  opened  and  a  glass  cannula,  extending  for  4  cm.  beyond  the 
abdominal  wall,  inserted.  The  dog  recovered  quickly  from  the  operation 
and  at  the  end  of  tivo  weeks  the  wound  was  so  well  healed  that  he  was 
ready  for  use.  The  diet  consisted  of  dog-bread  ground  up  and  mixed 
wdth  lard.  The  animal  ivas  kept  in  a  cage  with  double  bottom  and  fed 
twice  a  day.  The  experiment  was  divided  into  four  periods,  in  the 
third  of  which  the  dog  was  given  13  grammes  ox  bile. 


PEK  C'EXT.  IS  STOOI.8  OF  ISGESTA. 


Feb.  5-10  I 

Feb.  10-15  11 

Feb.  15-30  III 

IV 


Without  muzzle 
No  Bile 
With  muzzle 
No  Bile 
With  muzzle 
Bile 

With  muzzle 
No  Bile 


Fat. 

51.83  per  cent. 
45.87  per  cent. 
59.95  per  cent. 
33.15  per  cent. 


Nitrogen. 

34.31  per  cent. 
19.70  per  cent. 
34.33  per  cent. 
16.67  per  cent. 


Feb.  30-35 
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The  second  period  showed  a  loss  of  fat  in  the  stools  of  46  per  cent  as 
contrasted  with  62  per  cent  in  the  first  period.  Such  figures,  however, 
are  not  conclusive  when  one  is  dealing  with  large  amounts  of  fat. 

The  third  and  fourth  periods  are  not  of  value  because  the  dog  had 
diarrhoea,  due  either  to  the  bile  pills  or  to  the  fat  in  the  food.  This 
not  only  interfered  with  the  absorption  of  the  fat,  but  prevented  accurate 
separation  of  the  stools. 

Experiment  3.  The  dog  was  prepared  in  the  same  way  as  in  the 
preceding  experiments.  lie  wore  a  muzzle  throughout  the  experiment 
and  for  the  three  and  one-half  days  preceding.  The  experiment  was  of 
15  days’  duration  (June  30  to  Jidy  15,  1898),  and  divided  into  periods 
of  five  days  each.  In  the  second  of  these,  the  dog  received  17.5  grammes 
of  the  dried  ox  bile. 

Yet  though  the  amount  of  fat  in  the  diet  was  lessened  from  80 
grammes  to  40  grammes  a  day,  diarrhoea  appeared  as  before  aggravat- 
ingly  near  the  end  of  the  bile  period.  The  results  were,  therefore,  in¬ 
conclusive. 


I 

II 

III 


PEK  CENT.  IN  STOOLS  OF  INGESTA. 


Tat. 


41.9  per  cent. 
45.3  “ 


63.0 


Nitrogen. 

14.9  per  cent. 
12.4  “ 

22.1  “ 


Experiment  4.  Dog.  Common  duct  ligated  and  biliary  fistula  made 
June  18,  1898.  In  this  instance  the  three  periods  were  of  two  days’ 
duration.  In  the  middle  period  the  dog  took  10  grammes  dried  ox  bile. 


PER  CENT.  IN  STOOLS  OF  INGESTA. 

Fat.  Nitrogen. 

July  19-21,  46.1  per  cent.  16.8  per  cent. 

July  21-23,  34.2  “  11.8 

July  23-25,  74.5  “  31.8  “ 

But  here  again  diarrhcca  occurred  toward  the  close  of  the  experiment, 
vitiating  the  results. 


The  literature  on  this  subject  up  to  1897  was  given  in  detail  by 
Pfaff  and  Baleh  *  in  their  paper.  Albu  ®  has  since  brought  the  matter 
up  to  date.  It  "will  be  only  necessary  therefore  for  me  to  state  my 
conclusions. 


■*  Op.  cit. 

*Zur  Pliysioloi^ie  uiul  Pathologie  der  Gallensecretion,  Bcrl.  kliti.  Wovhciinchr.,  1000, 

p.  806. 
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CONCLUSIONS. 

1.  Bile  increases  tlie  digestion  of  fat  when  given  by  the  month  in 
pill  form.  The  percentage  of  fat  lost  in  the  stools  of  our  patient  with 
a  complete  biliary  fistula  was  G3  per  cent  in  the  first  period  and  57 
per  cent  in  the  third.  This  closely  corresponds  to  the  results  that 
!Miiller  obtained  in  human  beings *and  dogs  with  complete  obstruction 
of  the  common  duct.  Under  bile  medication  the  stools  contained  23 
]ier  cent  less  fat  than  in  the  first  period,  and  17  per  cent  less  than  in 
the  third.  This  represents  an  actual  diminution  of  the  amount  of  fat 
lost  in  the  stools.  Looking  at  the  result  in  another  way,  it  may  be 
said  that  the  average  digestion  of  fat  in  the  periods  without  bile  was 
40  per  cent;  in  the  periods  with  bile,  GO  per  cent,  i.  e.,  bile  increased 
the  digestion  of  fat  relatively  by  50  per  cent. 

2.  The  digestion  of  nitrogenous  food  is  improved  by  the  use  of  bile 
pills  when  the  amount  of  fat  in  the  stools  is  large.  Instead  of  an 
average  of  15  per  cent  being  lost  in  the  fasces,  but  7  per  cent  escaped 
digestion  during  the  four  days  the  patient  took  bile.  The  reason  for 
this,  perhaps,  lies  in  the  better  digestion  of  fat  at  this  time,  in  con¬ 
sequence  of  which  the  proteid  elements  of  the  food  were  more 
thoroughly  exposed  to  the  digestive  juices. 

3.  Ox  bile  is  a  cholagogue.  The  amount  of  bile-solids  secreted  in 
the  bile  period  was  47  per  cent  greater  than  in  the  periods  before  and 
after.  Tliis  confirms  the  work  of  Pfaff  and  Balch,  here  in  Boston, 
on  a  human  being,  and  that  of  Stadelmann  ®  and  his  pupils,  in 
Germany,  on  dogs. 

4.  The  effect  of  the  bile  on  the  bowels  in  tliis  case  was  not  remark¬ 
able,  although  they  moved  more  satisfactorily  during  the  bile  period. 
In  my  experiments  with  dogs  I  usually  obtained  diarrhoea  Avhen  giving 
bile.  I  do  not  feel  sure,  however,  that  this  should  be  attributed 
wholly  to  the  medication,  for  the  diarrhoeas  as  a  rule  appeared  six  or 
more  days  after  the  beginning  of  the  experiment  and  the  animals  were 
then  in  poor  condition.  Dr.  Pfaff,  who  has  had  more  experience  with 
the  administration  of  bile  than  I,  tells  me  that  he  has  found  its  action 
variable  in  patients.  In  some  cases  it  is  a  laxative;  in  others,  in 


Zeitschr.  f.  BioK,  1S<.)7,  n.  F.,  xvl,  p.  1. 
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wliicli  there  is  (liarrlia?a,  clue  apparently  to  large  amounts  of  fat  in 
the  food,  it  has  the  opposite  effect. 

5.  As  to  the  general  effect  of  bile  on  body  metabolism,  it  was 
observed  that  the  nrea  and  nitrogen  were  excreted  in  greater  amount 
in  the  bile  period  than  in  either  of  the  others.  !N^o  definite  conclu¬ 
sions  can  be  drawn  from  this  fact,  because  more  nitrogen  was  in¬ 
gested  during  these  four  days;  moreover,  it  must  be  borne  in  mind  that 
in  these  results  the  salol  may  have  been  a  factor. 

6.  The  amount  of  urine  was  increased  by  more  than  50  per  cent  in 
the  bile  period.  It  is  interesting  to  note  that  the  amount  was  about 
the  same  during  this  bile  period  as  in  the  second  experiment  when  the 
bile  was  again  taking  its  natural  course.  Yon  Xoorden  ’’  has  recorded 
a  similar  increase  in  the  amount  of  urine  follo\ving  the  removal  of 
the  obstruction  in  acute  catarrhal  jaundice.  The  salol  coating  of  the 
bile  ])ills,  which  amounted  to  one  and  a  quarter  grammes  a  day,  is  not 
sufficient  to  account  for  this  effect.  This  is  evident  from  the  work  of 
Kumagawa,®  who  gave  two  grammes  of  sodium  salicylate  daily  to  a 
dog  of  25  kilos  without  essentially  changing  the  amount  of  urine 
secreted.  On  the  other  hand,  in  taking  the  30  pills  daily  the  patient 
drank  several  extra  glasses  of  water,  and  in  the  second  experiment  her 
general  condition  was  naturally  better  than  at  any  other  time. 

’  Pathologie  des  Stoffwechsels,  p.  S81,  Berlin,  1893. 

®  Virchow’s  1888,  cxiii,  p.  134. 
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THE  KELATIOH  OF  DIABETES  TIELLITUS  TO  LESIONS 
OF  THE  PANCREAS.  HYALINE  DEGENERATION  OF 
THE  ISLANDS  OF  LANGERHANS. 

By  EUGENE  L.  OPIE,  M.  D. 

Instructor  in  Pathology,  Johns  Hopkins  University. 

(From  the  Pathological  Laboratory  of  the  Johns  Hopkins  University  and  Hospital.) 

Plate  XXXIII. 

Embedded  in  the  substance  of  the  pancreas  are  the  peculiar  bodies 
described  by  P.  Langerhans  and  usually  designated  islands  of  Langer- 
hans.  They  are  composed  of  polygonal  cells  arranged  in  irregular 
columns,  between  which  are  wide  tortuous  anastomosing  capillaries. 
The  cells  are  of  epithelial  type  and  have  the  same  origin  as  those 
of  the  duets  and  secreting  acini  with  which,  at  an  early  period  of 
development,  the  cell  columns  are  in  continuity.  The  lumen  of  the 
ducts  does  not  penetrate  among  the  cells  of  the  island,  which  is, 
therefore,  not  concerned  in  the  elaboration  of  the  pancreatic  juice. 
These  bodies  resemble  in  architecture  other  ductless  structures,  such 
as  the  parathyroid  bodies,  the  carotid  and  coccygeal  glands,  and  less 
closely  the  suprarenal  capsules,  the  pituitary  body  and  the  thyroid 
gland. 

The  intimate  relation  of  columns  of  epithelial  cells  to  a  rich  capil- 
lai’y  network  has  suggested  that  they  furnish  some  substance  to  the 
blood — the  hypothetical  internal  secretion  of  the  pancreas.  Abund¬ 
ant  experimental  research,  inaugurated  by  von  Mering  and  Min¬ 
kowski,  having  shown  that  the  pancreas  exerts  some  very  important 
influence  on  carbohydrate  metabolism,  several  writers — ^Laguesse, 
Schafer,  Diamare — have  suggested  that  the  islands  of  Langerhans 
perform  this  function.  The  only  experimental  evidence  in  support 
of  this  suggestion  is  furnished  by  Ssobolew,  who,  in  a  brief  prelim¬ 
inary  communication,  states  that  after  feeding  animals  with  carbo¬ 
hydrates  in  considerable  quantity  the  cells  of  the  islands  become 
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more  granular  than  usual.  He  finds  that  the  chronic  interstitial 
pancreatitis,  which  in  dogs  follows  ligation  of  the  pancreatic  ducts, 
spares  the  islands  of  Langerlians;  this  fact,  he  thinks,  explains  the 
absence  of  glycosuria. 

In  the  preceding  number  of  this  Journal  ‘  I  have  described  altera¬ 
tions  undergone  by  the  islands  of  Langerlians  in  various  forms  of 
chronic  intei*stitial  pancreatitis,  and  have  discussed  the  relation  of 
these  lesions  to  the  disease  of  carbohydrate  metabolism,  diabetes  mel- 
litus. 

Two  forms  of  chronic  inflammation  of  the  gland  are  distinguish¬ 
able:  (1)  interlobular  pancreatitis,  characterized  by  proliferation  of 
fibrous  tissue  between  the  lobules,  which  are  invaded  from  the  per¬ 
iphery,  and  (2)  interacinar  pancreatitis,  where  the  new-formed  fibrous 
tissue  is  more  diffusely  distributed  within  the  lobules  and  between 
individual  acini.  "With  the  first  type  the  islands  of  Langerlians  are 
implicated  only  when  the  sclerotic  process  has  reached  a  very  ad¬ 
vanced  grade.  To  this  variety  belongs  the  chronic  inflammation 
which  follows  occlusion  of  the  pancreatic  duct;  though  the  secreting 
tissue  of  the  gland  is  in  very  great  part  destroyed  and  replaced  by 
dense  fibrous  tissue,  the  interacinar  islands  are  not  affected  and 
persist  for  a  long  time  as  isolated  cellular  structures  almost  com¬ 
pletely  unchanged,  though  surrounded  by  scar-like  tissue.  They 
suffer  only  Avhen  the  process  is  far  advanced.  With  the  interacinar 
tyjje  of  inflammation,  on  the  other  hand,  the  islands  are  affected  as 
are  the  other  elements  of  the  gland,  and  coarse  strands  of  fibrous 
stroma  following  the  capillary  vessels  separate  the  columns  of  atro¬ 
phied  cells. 

Of  eleven  instances  of  chronic  pancreatitis  of  the  interlobular  type, 
in  only  one  was  diabetes  present.  Here  the  inflammation  which  fol¬ 
lowed  obstruction  of  the  pancreatic  duct  had  reached  a  very  advanced 

'  Opie.  On  the  rel.ition  of  chronic  interstitial  pancreatitis  to  tiie  islaiuls  of  Lang- 
erhans  and  to  diabetes  mellitus.  Journal  of  Ex/nrimentnl  Mrd'ieine,  IhOl,  v,  p.  3!I7. 
References  to  the  autliors  cited  are  liere  given.  See  also  Journal  of  the  lloxton 
Soriety  of  the  Medical  Sciencex,  .June,  I'.tOO,  iv,  p.  2.51.  W.  Scliulze  (Arch.  f.  mikr.  Anal., 
August  31,  1000,  Ivi,  p.  401)  has  recently  shown  tliat  the  islands  of  Langerlians  are 
not  implicated  in  the  chronic  interstitial  intlainination  wliich  follows  obstruction  of 
the  pancreatic  duct  in  guinea  pigs. 
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grade  and  the  islands  of  Laiigerlians,  isolated  in  the  dense  stroma,  had 
nndergone  alterations.  The  accompanying  glycosuria  had  been  of 
only  slight  severity  and  had  disappeared  when  the  patient  was  npon  a 
diet  poor  in  carbohydrates.  In  two  of  three  instances  of  interacinar 
pancreatitis  diabetes  mellitns  was  present.  In  the  third  case  the 
lesion  was  slight  and  the  organ  weighed  170  grammes.  Thongh  the 
nnmher  of  cases  is  small  they  indicate  that  where  diabetes  accom¬ 
panies  a  lesion  of  the  pancreas  the  islands  of  Langerhans  are  impli¬ 
cated  in  the  disease. 

In  the  same  report  I  described  a  ease  of  diabetes  mellitns  in  which 
the  pancreas  was  the  seat  of  a  very  remarkable  lesion.  In  sections 
from  all  parts  of  the  organ  were  small  areas  in  which  the  paren¬ 
chymatous  cells  were  replaced  by  hyaline  material  located  immedi¬ 
ately  outside  the  walls  of  the  capillaries.  These  areas,  which  were 
most  ahnndant  in  the  tail  of  the  gland,  frequently  corresponded  in 
size  to  islands  of  Langerhans,  hnt  were  often  much  larger.  Self¬ 
digestion  of  the  gland  in  many  places  pi’cvented  the  satisfactory  stndy 
of  the  lesion,  hnt  even  where  the  tissne  was  well  preserved  islands  of 
Langerhans  were  not  recognizable.  Althongh  the  change  began  ap¬ 
parently  in  these  structures,  it  had  extended  beyond  their  limits. 

I  have  recently  had  the  opportunity  of  studying  the  specimens 
from  a  case  of  diabetes  in  which  the  causal  relation  of  a  lesion  of  the 
islands  of  Langerhans  to  the  disease  is  more  clearly  demonstrable 
tlian  in  those  previously  described.  These  bodies  are  the  seat  of  a 
degenerative  change  which  has  left  unaltered  the  secreting  paren¬ 
chyma  of  the  gland. 

Sj/iwpsis  of  CUnical  Ilisfort/. — Female,  negro,  aged  51  years.  The 
patient  was  admitted  to  the  Johns  Hopkins  Hospital  in  the  service  of 
Dr.  Osier,  conqdainiiig  of  cough.  Her  family  and  personal  history  are 
unimportant.  Her  present  illness  began  about  eleven  months  before 
her  admission,  when,  she  states,  she  had  a  severe  cold  which  became 
steadily  worse.  The  cough  has  been  accompanied  by  profuse  expectora¬ 
tion.  She  has  lost  miich  weight.  Several  months  after  the  onset  of 
cough  her  urine  increased  greatly  in  quantity,  so  that  for  a  time  she 
was  com])elled  to  get  u])  almost  every  hour  during  the  night  to  void  it. 
The  urine  was  ])ale  in  color.  At  this  time  she  experienced  great  hunger 
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and  thirst  and  ate  and  drank  enormously.  These  symptoms  lasted  during 
part  of  the  spring  and  summer  and  disappeared  some  months  before  her 
admission  to  the  hospital.  Slie  had  recently  voided  the  nsnal  amount 
of  urine  and  there  was  no  excessive  hunger  or  thirst. 

When  admitted  the  patient  was  thin  hut  moderately  well  nourished. 
The  mucons  membranes  were  pale.  The  percussion  note  over  the  front 
of  the  chest  and  in  the  axillary  region  was  hyperresonant;  over  the  upper 
part  of  the  back  on  the  right  side  the  note  was  dull,  while  elsewhere  over 
the  hack  there  was  flat  tympany.  The  breath-sounds  over  the  flrst  and 
second  interspaces  on  the  right  side  in  front  were  intensely  tubular,  while 
on  the  left  side  above  the  foiirth  interspace  they  had  an  amphoric 
quality  and  were  almost  cavernous.  There  was  modified  tubular  breath¬ 
ing  over  the  left  hack,  amphoric  over  the  upper  part  of  the  scapula. 
Numerous  fine  and  coarse  moist  rides  were  heard  throughout  both  lungs. 
A  friction  rub  was  audible  in  the  lower  left  axilla.  The  sputum  was 
abundant,  yellowish  green,  muco-purulent  in  character,  and  contained 
numerous  tubercle  bacilli.  The  hsemoglohin  was  02  per  cent.  The 
stools  were  of  normal  color  and  contained  no  fat. 

The  patient  gradually  became  weaker.  Cough  was  almost  constant 
and  large  quantities  of  muco-purulent  material  were  expectorated.  The 
temperature  was  irregular,  and  until  the  day  preceding  death  ranged 
between  98.8°  and  102°  F.  Death  occurred  on  the  seventh  day  after 
admission  and  was  not  preceded  by  a  period  of  coma. 

The  specific  gravity  of  the  urine  varied  between  1025  and  1035.  It 
contained  sugar  in  abundance;  neither  albumin  nor  casts  were  found. 
On  the  fourth  day  after  admission  880  cc.  were  collected,  the  specific 
gravity  was  1028  and  4  y)er  cent  of  sugar  was  present.  On  the  following 
day  the  amount  was  1200  cc.,  the  specific  gravity  1035  and  the  quantity 
of  sugar  5.4  per  cent. 

Atdopsy. — Performed  51  hours  after  death.  The  body  is  that  of  a 
sparely  nourished  woman;  the  arms  and  legs  are  very  thin  and  the 
abdomen  is  retracted.  Subcutaneous  fat  is  present  in  small  amount. 

Tlie  heart-muscle  is  pale,  and  upon  the  intima  of  the  mitral  valve  are 
opaque,  yellow  patches  of  fatty  degeneration.  Within  the  coronary 
arteries  near  their  orifices  are  a  few  slightly  raised  yellow  sclerotic 
patches. 

The  left  lung  is  very  voluminous  and  is  almost  universally  hound  by 
fibrous  adhesions  to  the  chest  wall.  Immediately  below  the  pleura,  occu¬ 
pying  the  upper  yiart  of  the  upper  lobe,  is  a  large,  irregular  cavitj',  the 
walls  of  which  are  covered  by  yellowish  necrotic  material.  The  re- 
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mainder  of  the  lobe  is  consolidated,  dull  yellowish  red,  mottled  with 
areas  of  caseation  and  riddled  with  small  cavities.  The  upper  part  of 
the  lower  lobe  is  very  thickly  studded  with  groups  of  confluent  partly 
caseous  tubercles.  The  right  lung  is  also  voluminous  and  bound  at  the 
apex  to  the  chest  wall  by  fibrous  adhesions.  TJpon  the  pleura  are  sparsely 
scattered  gray  tubercles.  At  the  apex  below  the  pleura  is  a  cavity,  which 
in  size  and  appearance  resembles  that  of  the  left  lung.  The  remainder 
of  the  lobe  is  in  great  part  consolidated  by  numerous  caseous  tubercles; 
the  tissue  is  tough  in  consistence  and  contains  much  fibrous  tissue.  Case¬ 
ous  tubercles  are  abundant  in  the  middle  and  low^er  lobes.  TJpon  the 
mucosa  of  the  larynx  near  the  posterior  extremities  of  the  vocal  cords 
and  upon  the  surface  of  the  epiglottis  are  a  few  very  superficial  ulcers, 
the  largest  about  3  mm.  in  diameter. 

The  liver  is  pale  and  its  lobulation  is  marked  by  gray-yellow  and  red 
mottling.  TJpon  the  cut  surface  are  seen  rather  conspicuoiTS  yellowish 
points  of  minute  size.  The  spleen  is  not  enlarged. 

The  kidneys  are  of  large  size  and  weigh  together  400  grammes.  The 
surface,  after  removal  of  the  capsule,  is  smooth  and  pale.  The  cortex, 
which  has  an  average  thickness  of  5.5  mm.,  is  of  a  grayish-red  color.  The 
left  kidney  has  two  separate  pelves,  from  which  arise  two  ureters  opening 
by  separate  orifices  into  the  bladder. 

The  mucous  membrane  of  the  stomach  is  normal  in  appearance.  In 
the  lower  part  of  the  ileum  are  a  few  scattered  superficial  xdeers  about 
0.5  cm.  in  diameter  with  irregular,  slightly  raised  edges.  On  the  peri¬ 
toneal  surface  opposite  one  of  them  are  several  gray  nodules  which  are 
just  visible.  A  few'  similar  ulcers  are  present  in  the  large  intestine. 

The  pancreas  weighs  80  grammes  and  measures  33  x  5  x  1  cm.  It  can 
he  readily  dissected  from  the  surrounding  tissues.  It  is  soft  in  consist¬ 
ence,  and  on  section  has  a  gray-yellow'  color. 

The  intima  of  the  aorta,  though  fairly  smooth,  is  studded  w'ith  irreg- 
idar,  slightly  raised  plaques.  The  arteries  at  the  base  of  the  brain  are 
normal  in  appearance.  Xo  lesion  of  the  brain  is  found;  the  floor  of  the 
fourth  ventricle  presents  nothing  unusual.  In  the  lower  part  of  the  right 
lateral  lobe  of  the  thyroid  gland  is  a  round  firm  nodule  about  1  cm.  in 
diameter.  Its  cut  surface  has  a  briglit  yellow  color  and  is  mottled  with 
red  and  translucent  gray. 


Microscopic  Examination. — In  sections  of  the  pancreas  prepared 
for  histological  study  is  found  no  generalized  increase  of  the  intersti¬ 
tial  tissue,  but  here  and  there,  particularly  in  the  tail  of  the  organ,  the 
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fibrous  stroma  shows  some  proliferation,  and  there  are  occasional 
irregnlar  strands  of  tissue  between  the  acini,  though  these  are 
almost  universally  separated  by  delicate  septa.  This  scanty,  new- 
formed  interstitial  tissue,  where  it  occurs,  is  poor  in  cells;  about 
some  of  the  medium-sized  interlobular  blood-vessels  are  small  accumu¬ 
lations  of  scattered  lymphoid  cells,  together  with  an  occasional  plasma 
cell.  ^ronoiu;clcar  cells  with  eosinophile  granulations  are  not  infre¬ 
quently  seen  in  the  interlobular  and  interacinar  tissue.  In  the  head 
and  the  body  of  the  organ  are  small  areas  of  post-mortem  self-diges¬ 
tion,  where  nuclei  no  longer  stain  and  the  tissue  takes  with  haema- 
toxylin  a  diffuse  blue  tint.  The  glandular  tissue  elsewhere  is  well 
preserved.  In  many  acini,  ccntro-acinar  cells  are  numerous.  The 
ducts  are  not  dilated  and  appear  to  be  normal.  There  are  no  altera¬ 
tions  of  the  veins  or  arteries. 

The  islands  of  Langerhans  are  the  seat  of  a  very  remarkable  change 
(Plate  XXXIII).  In  varying  amount  within  almost  every  island 
is  a  homogeneous  material  which  stains  with  eosin.  Only  rarely  is 
found  an  unaltered  island.  Those  which  are  least  changed  contain  a 
few  scattered  masses  of  hyaline  material,  of  which  the  smallest  are 
irregularly  polygonal  in  sliape  and  correspond  in  size  to  the  cells  of 
the  island.  The  larger  particles  are  roimdcd.  This  hyaline  sub¬ 
stance  at  times  lies  in  the  pnidst  of  groups  of  cells,  but  is  usually  in 
contact  with  the  walls  of  the  capillaries  penetrating  the  island,  or 
next  the  perijdieral  fibrous  tissue,  and  is  therefore  usually  between 
the  remaining  cells  and  the  capillary  walls.  Increasing  in  amount,  it 
replaces  the  cells  and,  where  it  is  abundant,  the  cells  which  still  per¬ 
sist  are  small  and  contain  small  nuclei,  staining  deeply  with  haema- 
toxylin.  They  do  not  appear  compressed  or  distorted. 

AVhere  hyaline  material  is  abundant  it  forms  conspicuous  masses 
in  contact  Avith  capillaries,  the  endothelium  of  AA’hich  is  well  pre¬ 
served.  It  does  not  form  a  uniform  zone  about  them,  but  it  occurs 
as  scattered  groups  of  irregnlar,  rounded,  often  globular  masses 
(Plate  XXXII  r.  Pig.  2).  The  cells  of  the  island  have  been  in  large 
part  replaced,  and  betAveen  the  hyaline  particles  is  seen  only  an 
occasional  compressed,  fusiform  or  irregular  nucleus. 
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The  hyaline  substance  may  occupy  almost  the  entire  area  of  the 
island,  and  besides  a  few  endothelial  cells  are  found  only  small  scat¬ 
tered  groups  or  rows  of  atrophic  epithelial  cells.  The  island  is  rep¬ 
resented  by  a  sharply  circumscribed,  hyaline  structure,  composed  of 
particles  of  homogeneous  material,  giving  the  impression  of  broken, 
tAvisted  columns,  between  which  are  the  capillary  Avails.  The  nuclei 
of  the  capillary  endothelium  persist  after  destruction  of  the  epithelial 
cells,  but  finally  disappear.  The  lumen  of  the  capillary  remains 
patent  and  red  blood-corpuscles  are  seen  betAveen  the  hyaline  masses, 
although  the  endothelium  no  longer  contains  nuclei.  The  hyaline 
metamorphosis  is  limited  strictly  to  the  islands  of  Langerhans,  the 
glandular  acini  remaining  intact. 

Lesions  similar  to  those  of  the  pancreas  are  not  present  in  other 
organs.  In  the  heart-Avall  are  a  fcAV  small  areas  Avhere  the  interstitial 
tissue  is  increased,  and  in  places  the  muscle-cells  are  fragmented,  but 
other  changes  are  not  found.  Sections  from  the  lung  show  the  histo¬ 
logical  pictures  of  conglomerate  tubercles  and  of  gelatinous  and  caseous 
pneumonia.  The  blood-vessels  of  the  liver,  spleen  and  kidney  are  ap¬ 
parently  unaltered  and  there  is  no  formation  of  hyaline  material  in  these 
organs.  ^Miliary  tubercles  are  present  in  the  liver,  Avhose  cells  contain 
much  fat. 

The  nodule  observed  at  auto])sy  in  the  thyroid  gland  consists  of 
altered  ]iarenchyma  circumscribed  by  a  thin  circular  capsule  of  fibrous 
tissue.  The  alveoli  composing  it  vary  greatly  in  size,  some  being  very 
small  and  containing  no  colloid  material,  Avbile  others  are  large  and 
irregular  and  distended  Avith  this  material.  The  interstitial  tissue  of 
the  nodule  has  an  almost  uniform  hyaline  appearance,  Avhen  stained 
Avith  cosin,  and  contains  only  very  few  scattered  nuclei.  The  ei)ithelium 
of  the  dilated  ah-eoli  is  often  much  flattened.  In  places  it  is  broken 
and  the  colloid  Avithin  is  continuous  Avith  the  homogeneous  substance 
replacing  the  interstitial  tissue.  Treated  Avith  Van  Gieson's  stain,  the 
contents  of  the  greater  number  of  alveoli  stain  only  Avith  ])icric  acid 
and  assume  a  bright  yelloAv  color;  but  occasionally  this  material  is  col¬ 
ored  by  fuchsin  and  becomes  dee])  orange  red.  The  hyaline  material 
immediately  outside  the  alveoli  aud  continuous,  Avhere  the  epithelial 
lining  is  broken,  Avith  that  within,  takes  the  same  yelloAv  stain  and  is 
doubtless  extravasated  colloid.  "Wbere  it  infiltrates  the  interstitial  tis¬ 
sue  midAvay  betAveen  adjacent  alveoli,  it  contains  those  constituents  of  the 
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fibrous  stroma  which  have  an  affinity  for  fuchsin  and,  therefore,  assumes 
a  reddish  color.  The  thyroid  alveoli  outside  the  nodule  are  far  less 
irregular  in  size,  and  the  stroma  does  not  show  the  same  uniform  hyaline 
transformation,  hut  here  and  there  extravasation  of  colloid  material  has 
occurred  into  the  interstitial  tissue. 

The  peculiar  transformation  affecting  the  islands  of  Langerhans  in 
this  case  belongs  to  the  varied  and  ill-defined  group  of  degenerative 
processes  Avhose  common  characteristic  is  the  formation  of  a  homo¬ 
geneous  or  hyaline  material  which  stains  with  acid  dyes,  such  as  eosin 
and  picric  acid,  but  does  not  give  the  reactions  of  amyloid  substance, 
though  it  resists  the  action  of  a  variety  of  chemical  substances,  as 
strong  acids  and  alkalies.  These  characteristics  haAX  been  used  by 
von  Recklinghausen  ‘  to  group  together  products  of  cell  degeneration 
occurring  in  widely  different  tissues  and  doubtless  representing  a 
variety  of  essentially  different  processes,  Avhich  even  yet  have  received 
no  satisfactory  classification. 

Under  the  heading  of  colloid  transformation  von  Recklinghausen  has 
included  amyloid,  hyaline  and  mucous  degenerations — processes  whose 
common  character  is  the  formation  of  a  substance  insoluble  in  the  tissue 
juices,  lie  recognized  that  the  chemical  and  physical  peculiarities 
ascribed  to  hyaline  material  do  not  serve  to  identify  it  as  a  true  chemical 
compound,  but  he  has  grouped  together  as  the  products  of  related 
processes  the  hyaline  substances  which  are  formed  in  many  different 
situations.  These  include  the  hyaline  formed  in  the  choroid  of  the  eye, 
in  certain  tumors  of  the  connective  tissues  and  of  the  lymphatic  appa¬ 
ratus;  the  homogeneous  substances  Avhich  are  formed  by  certain  gland¬ 
ular  cells  as  ])roduets  of  secretion  or  of  degeneration,  namely,  the  con¬ 
tents  of  thyroid  alveoli,  hyaline  renal  casts,  etc.;  material  formed  on  the 
surface  and  in  the  superficial  layer  of  mucous  membranes  as  the  chief 
constituent  of  diphtheritic  membranes;  the  so-called  waxy  or  pseudo- 
waxy  material  formed  by  acute  degeneration  of  smooth  and  striated 
muscle-fibres;  the  hyaline  thrombi  formed  in  the  blood-vessels  and  in 
the  heart. 

Klebs  ’  has  attempted  to  classify  more  precisely  these  heterogeneous 


^IlaiKlbucli  (ler  alls^eineinen  Pathologic  des  Kreislaufs  und  der  Eruiibriing,  p.  404. 
Stuttgart,  188a. 

3  Die  ailgeineine  Patiioiogie,  Tlieii  ii,  p.  100.  Jena,  1880. 
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processes  and  to  define  more  clearly  certain  long-accepted  terms  wliicli 
have  been  applied  to  them.  He  reserves  the  name  “  colloid  ”  for  those 
albuminous  substances  which  resemble  the  colloid  of  the  thyroid  gland 
and,  like  it,  are  elaborated  by  secreting  cells,  though  not  necessarily 
preformed  within  them.  As  “  hyaline  ’’  he  designates  the  firm,  refrac¬ 
tive  and  homogeneous  albuminous  material  which  does  not  give  the 
reactions  of  amyloid  and  is  formed  in  connective  tissue  and  in  other 
derivatives  of  the  mesoderm.  The  hyaline  material  formed  in  and  out¬ 
side  the  cardiovascular  system  from  constituents  of  the  blood,  the 
hyaline  thrombi  and  hyaline  exudates  he  distinguishes  from  the  tissue 
h3'aline  produced  by  transformation  of  connective  tissue. 

By  means  of  staining  reactions,  P.  Ernst*  attempts  to  demonstrate 
that  the  various  substances  grouped  together  by  von  Eecklinghausen 
as  hyaline  are  not  ehemieally  identical.  Hyaline  material  from  different 
sources,  Avhen  treated  with  Van  Gieson’s  mixture,  exhibits  in  its  affinity 
for  acid  fuchsin  and  picric  acid  differences  which  he  attributes  to 
peculiarities  of  chemical  composition.  That  which  is  derived  from 
epithelial  cells  stains  orange  yellow  with  the  mixture  of  the  two  dyes, 
being  colored  by  the  picric  acid  and  only  tinted  by  fuchsin.  Examples 
of  this  form  of  hyaline  are  the  colloid  of  the  thyroid  gland  and  many 
renal  casts.  The  second  variety  is  formed  in  collective  tissue  or  from 
coagulated  material  derived  from  the  blood  and  stains  intensely  with 
fuchsin.  Such  hyaline  occurs  in  the  interstitial  tissue  of  the  thyroid 
gland,  in  certain  tumors,  as  the  hyaline  remnants  of  the  corpora  lutea 
of  the  ovary,  and  as  hyaline  glomeruli  in  the  kidney. 

Lubarsch“  regards  the  staining  reactions  of  Ernst  as  an  uncertain 
means  for  the  identification  of  different  hyaline  substances  and  points 
out  discrepancies  between  the  criteria  proposed  by  Klebs  and  by  Ernst. 
Hyaline  thrombi,  which,  according  to  Ernst,  should  stain  red  are  usually 
yellow  and  only  rarely  stain  deeply  with  fuchsin.  The  renal  casts, 
which  stain  by  Weigert’s  method  for  the  demonstration  of  fibrin,  stain 
orange  yellow,  though  they  are,  as  Ernst  himself  thinks,  hyaline  fibrin 
and,  therefore,  of  parablastic  origin.  The  colloid  contents  of  the 
thyroid  alveoli  (as  in  the  nodule  described  above),  occasionally  stain 
deep  red,  although  this  substance  is  undoubtedly  of  epithelial  origin. 
Although  Lubarscli  discards  the  classification  of  Ernst,  he  admits  that 
the  method  employed  indicates  in  many  cases  the  origin  of  hyaline 


■*  Virchow’s  Arehlv,  1802,  cxxx,  p.  877. 

*  Ergcbiiisse  der  (illfjenicinen  Puthologie  mid  puthologischcn  Amitoinie.  Iferunxgegebeii 
von  Lnbursch  ii.  OsterUig,  1895,  ii,  p.  200. 
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material.  Its  aclvaiita<:e,  he  believes,  lies  in  the  fact  that  hy  it  we  can 
recognize  whether  hyaline  eontains  a  constituent  derived  from  con- 
neetive  tissue.  Normal  fibrous  tissue  is  stained  intensely  red  hy  acid 
fnchsin  and  the  snhstaiices  which  determine  its  affinity  for  the  dye  are 
])resent  in  the  degenerate  tissue.  Pure  hyaline,  whatever  its  origin, 
Lid)arsch  suggests,  always  stains  in  the  same  way,  while  differences  in 
staining  reaction  are  deiiendent  upon  the  admixture  of  other  substances. 

Hyaline  material  formed  by  a  variety  of  processes  from  different 
tissues  and  exudates  doubtless  differs  in  chemical  composition.  That 
which  is  produced  by  coagulative  necrosis  from  the  protoplasm  of 
parenchymatous  cells  and  by  the  so-called  pseudo-waxy  degeneration 
of  muscle-fibres  is  not  identical  with  the  hyaline  of  thrombi  and  of 
hrematogenous  exudates.  The  hyaline  transformation  of  connective 
tissue  in  A'arious  situations,  in  certain  tumors,  in  the  walls  of  capil¬ 
laries,  in  altered  renal  glomeruli,  represents  a  longer  continued  pro¬ 
cess  and  is  more  closely  related  to  amyloid  degeneration.  Since  we 
have  at  ])resent  no  means  of  determining  the  nature  of  these  sub¬ 
stances,  their  source  and  their  methods  of  production  can  alone  be 
used  as  a  basis  of  classification.  Following  Lnbarsch,  we  may  dis¬ 
tinguish  hyaline  of  epithelial  and  of  conjunctival  origin,  and  again  we 
may  recognize  that,  like  the  colloid  of  the  thyroid  gland,  formed  out¬ 
side  of  cells  presumable  by  a  process  of  secretion,  and  that  formed  by 
transformation  of  the  cell  protoplasm. 

The  material  Avhich  in  the  case  herewith  described  partly  or  coni- 
jdetely  re])laces  the  islands  of  Langerlians,  was  tested  with  a  variety 
of  agents  which  have  been  used  in  the  study  of  hyaline  substances.  It 
stains  deejdy  with  acid  dyes,  like*  eosin  and  jiicric  acid,  but  shows 
little  affinity  for  nuclear  stains,  as,  for  examiile,  luematoxylin  and 
methylene  blue.  AVith  basic  fnchsin  and  water  blue,  by  the  method 
which  Fnna  “  has  used  for  the  demonstration  ol‘  basiphilic  hyaline,  it 
is  stained  only  by  the  acid  dye.  The  tissue  available  for  study  after 
discovery  of  the  lesion  had  been  hardened  in  Zenker’s  ffuid.  The 
methods  emjiloyed  by  Pianese  ^  in  studying  the  hyaline  degeneration 
occurring  in  cancer  cells  reipiire  in  great  ])art  s])ecial  methods  of 
fixarion  and  were  not  used. 

^  MoiiiitsJicffe  f  Hr  pr<(kt.  Dcrrnutol.,  1804,  xix^  p.  (iGO. 

‘Ziejjler’s  Jieilriiije  z.  puih.  Anat.,  Suppl.  Heft,  1800,  p.  684. 
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The  reactions  of  amyloid  were  not  obtained  with  iodine,  nor  with 
gentian  violet,  methyl  violet  nor  iodine  green.  The  material  did  not 
stain  hy  AVeigert’s  method  for  the  demonstration  of  fibrin. 

Of  much  interest,  in  view  of  the  study  of  Ernst,  is  the  behavior  of 
the  substance  toward  picric  acid  and  acid  fuchsin.  It  stains  with 
picric  acid,  hut  shows  no  marked  affinity  for  acid  fuchsin.  The 
result  varies  slightly  when  varying  proportions  of  the  two  substances 
are  used.  With  a  mixture  of  3  parts  of  concentrated  aqiieous  solu¬ 
tion  of  acid  fuchsin  and  150  parts  of  concentrated  aqueous  solution 
of  picric  acid  (Yan  Gieson-Ernst)  the  hyaline  is  stained  yellow  tinted 
with  red.  Using  the  two  stains,  as  employed  l)y  Unna,  a  pure  yellow 
results;  the  minute  strands  of  fibrous  tissue  which  penetrate  the  island 
stain  deep  red,  while  the  hyaline  material  in  contact  with  them  is 
3"ellow. 

This  material,  therefore.,  conducts  itself  toward  Yan  Gieson’s  stain 
as  does,  according  to  Eimst,  hyaline  of  epithelial  origin,  and  in  its 
staining  reaction  resembles  the  colloid  material  which  is  present  in  the 
greater  number  of  thyroid  alveoli  and  which  in  the  thyroid  nodule 
desci’ibed  has  found  its  Avay  into  the  interstitial  tissue.  Accepting 
tlie  interpretation  of  the  reaction  suggested  by  Lubarsch,  it  does 
not  contain  the  constituent  of  fil)rous  tissue  upon  which  depends  an 
affinity  for  acid  fuchsin.  It  may  be  here  noted  that  in  the  thyroid 
nodule,  where  extravasated  colloid  has  infiltrated  the  fibrous  tissue 
betweeu  adjacent  alveoli,  it  has  assumed  a  reddish  color. 

The  staining  reactions  of  this  homogeneous  substance  present  in  the 
islands  of  Laugerhans,  interpreted  with  reserve,  indicate  its  epithelial 
origin.  Finding  it  in  irregular  masses  in  contact  Avith  the  cells,  I  was 
at  first  inclined  to  j)elieve  that  it  Avas  formed  by  a  process  resembling 
secretion.  It  Avas  pointed  out  to  me  by  Dr.  Welch,  Avho  examined 
my  specimens,  that  transitions  occurred  betAveen  the  cells  and  the 
hyaline  masses.  In  slightly  altered  islands  one  finds  small  masses 
of  material  Avhich  resemble  the  hyaline  substance,  but,  like  the  cell 
protoplasm,  have  a  granular  aspect.  They  correspond  in  size  to  the 
adjacent  cells  of  the  island  but  contain  no  nuclei. 

By  the  use  of  certain  stains,  phosphoniolybdic  acid  haematoxylin 
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by  the  method  of  Rihhert  for  white  fibrous  tissue  or  aniline  blue,  as 
employed  by  Mallory,"  for  the  demonstration  of  white  fibres  and 
reticulum,  the  hyaline  material  acquires  a  deep  blue  color  and  be¬ 
comes  very  conspicuous.  In  the  islands  are  not  infrequently  found 
slightly  enlarged  cells  which,  though  still  containing  nuclei,  exhibit 
a  reaction  similar  to  that  of  the  hyaline  material.  The  cell  proto¬ 
plasm,  though  granular,  has  assumed  a  diffuse  blue  color. 

The  degenerative  process  first  manifests  itself  by  an  increase  in 
the  size  of  the  cell  and  an  alteration  of  its  protoplasm.  "With  the 
death  of  the  cell  its  nucleus  disappears  and  the  protoplasm  which 
stains  with  acid  dyes  remains  for  a  time  granular,  but  subsequently 
becomes  homogeneous.  The  small  particles  of  hyaline  fuse  with  one 
another  and  form  larger  masses  which  lie  in  contact  with  the  fibrous 
septa  of  the  island.  After  complete  transformation  of  the  cells  the 
island  is  represented  by  a  hyaline  mass  penetrated  by  the  remains  of 
altered  capillaries. 

In  the  preceding  number  of  this  Journal'  I  described,  with  an 
illustrative  drawing,  a  case  of  diabetes  in  which  hyaline  material 
was  present  in  circumscribed  areas  throughout  the  pancreas.  The 
staining  reactions  of  this  substance  resembled  those  observed  in  the 
present  case.  Amyloid  reactions  were  not  obtained,  nor  did  it  stain 
by  IVeigert’s  method  for  the  study  of  fibrin.  AYith  the  various  modi¬ 
fications  of  Van  Gieson’s  mixture,  it  showed  little  affinity  for  acid 
fuchsin.  "With  the  methods  of  Ribbert  and  of  Mallory  previously 
mentioned,  it  assumed  a  deep  blue  color.  The  deposition  of  calcium 
salts  within  it  gave  evidence  that  the  process  was  of  long  standing. 
Unlike  that  of  the  present  case,  this  substance  was  deposited  in  fairly 
compact  tortiious  cohimns;  the  areas  of  hyaline  transformation  fre¬ 
quently  corres])onded  in  size  to  islands  of  Langerjians,  but  in  many 
cases  had  evidently  extended  beyond  their  limits;  transitions  between 
the  epithelial  cells  and  the  hyaline  substance  were  not  noted.  Owing 
to  the  poor  preservation  of  the  tissue,  it  was  not  possible  to  study  the 
early  stages  of  the  condition.  It  is  nevertheless  not  improbable  that 
the  lesions  in  the  two  cases  are  of  similar  nature. 

of  ExperinienUa  Medicine,  1 !)()(),  v,  j).  15. 

’  Op.  cit.,  p.  41!t. 
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Varied  experiments  performed  upon  the  pancreas  of  animals  have 
conchisively  shown  that  this  organ  is  essential  to  normal  carbohydrate 
metabolism,  and  abundant  clinical  and  pathological  observation  has 
demonstrated  that  the  conclusions  based  upon  these  experiments  ard 
applicable  to  man.  In  mj  previous  study  I  have  briefly  summarized 
the  experimental  and  clinical  evidence  which  establishes  the  causal 
relationship  of  certain  destructive  lesions  of  the  pancreas  to  diabetes 
mellitus. 

Impaired  pancreatic  function  is  doubtless  not  the  only  cause  of 
diabetes,  and  in  many  instances  of  this  disease  no  alteration  of  the 
organ  has  been  demonstrable.  On  the  other  hand,  diabetes  is  present 
in  only  a  limited  number  of  the  cases  where  pancreatic  disease  has 
existed.  It  was  the  object  of  my  preceding  article  to  show  that,  where 
diabetes  is  caused  by  a  lesion  of  the  pancreas,  the  lesion  is  of  such  a 
character  as  to  destroy  or  injure  the  islands  of  Langerhans,  and  that 
where,  though  the  organ  is  diseased,  diabetes  is  absent,  the  interacinar 
islands  are  relatively  unaffected.  In  the  cases  (Nos.  XIV  and  XV) 
of  chronic  interacinar  pancreatitis,  accompanied  by  diabetes,  sclerosis 
of  the  organ  was  so  slight  that  it  was  definitely  recognized  only  by  the 
microscope,  while  in  instances  (Xos.  XI  and  XII)  where  the  lesion 
followed  obstruction  of  the  pancreatic  duct,  diabetes  was  absent, 
though  the  organ  was  in  great  part  converted  into  fibrous  or  fatty 
stroma.  In  the  former  cases  the  lesion  affected  the  islands  of  Langer¬ 
hans,  while  in  the  latter  they  were  spared,  though  the  surrounding 
secreting  tissue  was  destroyed.  In  no  instance  were  the  islands  de¬ 
stroyed,  while  the  secreting  structures  remained  intact. 

Structures  so  embedded  as  are  these  islands  in  the  substance  of  the 
gland  cannot  by  any  means  now  at  our  disposal  be  subjected  to  ex¬ 
perimental  alterations  without  injury  to  the  surrounding  alveoli.  In 
the  pancreas  which  has  been  described  in  this  article,  a  lesion  of  ob¬ 
scure  etiology  has  destroyed  the  cells  of  the  islands  of  Langerhans, 
while  those  of  the  secreting  acini,  as  well  as  those  of  other  organs,  are 
unaffected.  The  most  successful  experiment  could  not  more  accu¬ 
rately  have  selected  those  bodies.  The  association  of  diabetes  mellitus 
with  this  lesion  affords,  I  believe,  convincing  proof  of  the  inferences 
drawn  from  the  preceding  series  of  cases. 
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Destruction  of  tlie  pancreas  in  animals  and  in  man  is  accompanied 
by  diabetes;  in  tlie  present  case  destruction  of  the  islands  of  Langer- 
lians  lias  been  accompanied  by  tins  disease.  Since  diabetes  is  absent 
wlien,  as  tlie  result  of  duct  obstruction,  tlie  secreting  portion  of  tlie 
gland  undergoes  great  alteration,  tliougli  the  islands  are  spared,  tlie 
conclusion  is  justified  that  it  is  those  structures  which  influence  car¬ 
bohydrate  metabolism.  AVliat  has  been  learned  concerning  the  rela¬ 
tion  of  the  pancreas  to  diabetes  is  the  relation  of  the  islands  of  Langer¬ 
hans  to  this  disease. 


DESCRIPTION  OF  PLATE  XXXIII. 

Fig.  1.  Drawing  made  with  low  magnification  (Leitz  Oc.  3 ;  Obj.  3)  showing 
hyaline  transformation  of  islands  of  Langerhans. 

Fig.  2.  Drawing  made  with  a  higher  magnification  (Leitz  Oc.  3;  Obj.  6)  showing 
an  island  whose  cells  are  partly  transformed  into  liyaline  material. 
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